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THE GOLD-QUARTZ VEINS OF NEVADA CITY AND 
GRASS VALLEY DISTRICTS, CALIFORNIA. 



By Waldemar Lindgben. 



CHAPTER I. 

IXTRODUCTIOX. 
FIELD WORK AND ACKNOWLEDGMENTS. 

The field work ou which this report is based was begun September 
20, 1893, and continued without interruption until June 28, 1894. The 
topographic maps used were i)repared in 1891 by Messrs. A. F. Dun- 
nington and R. B. Marshall, with triangulation by Mr. E. M. Douglas, 
on a scale of 14^0? ^r about 4 inches to the mile. They comprise three 
sheets, each embracing about 12 square miles, named respectively the 
Nevada City, Banner Hill, and Grass Valley sheet. The geological and 
topographic maps, the latter with the outline of mining claims indi- 
cated, have been i)ubli8hed as a folio of the Geologic Atlas of the 
United States. For present purposes a map on the re<luced scale of 
58 8TJ0 ^''^^ been prepared from the full-size sheets of the folio. 

The chemical analyses have been made by Messrs. W. F. Hillebrand, 
H. N. Stokes, George Steiger, and Peter Fireman. 

To the mine owners and superintendents of the districts many thanks 
are due for the courtesy and assistance extended by them in the work 
of examining the mines. I also take great i)leasure in acknowledging 
my special obligation to Mr. E. C. Uren, of Grass Valley, and Messrs. 
W. F. Englebright and W. W. Waggoner, of Nevada City, for much 
valuable information and cooperation. 

GEOGRAPHIC POSITION. 

The important gold-mining districts here described are located in 
Nevada County, on the long western slope of the Sierra Nevada, at an 
average elevation of 2,500 feet and about 15 miles north-northwest of 
the town of Colfax, on the Central Pacific Railroad. 

The map appended to this paper shows the topography and geology 

on a scale of about 2 inches to the mile. The northern i)art comprises 

the Nevada City sheet on the west and the Banner Hill sheet on the 

east. The southern and smaller part consists of the Grass Valley 

sheet; the small area mapped outside of the northeastern corner of 

this sheet is referred to as the Brunswick tract. 
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14 GOLD-QUARTZ VEINS OF NEVADA CITY AND GRASS VALLEY. 

TOPOGRAPHY. 
RELIEF. 

The doniinatin^c features iu the northern part of the tract are the two 
long ridges whose crests descend gently westward — the Harmony liidge, 
near the northern boundary, and the Banner Hill-Towntalk liidge, near 
the southern boundary. The northern ridge sinks with a gradual slope 
from an elevation of 3,(>60 feet to 2,840 feet at the western boundary 
line of the Nevada City map, and is cut in two by a gap north of Nevada 
City. A conspicuous pyramidal hill, the Sugarloaf, with an elevation 
of 3,075 feet, stands in the middle of the gap and reaches at its summit 
the gradient of the ridge line. The southern ridge, beginning at an 
elevation of 3,600 feet, is somewhat wider than the northern, and has 
at the western boundary line of the map an elevation of 2,700 feet. 
Near Banner Hill this ridge is cut in two by the narrow canyon of 
Little Deer Creek; farther west several gaps are cut across it, the most 
prominent one being that at Towntalk. The average slope of the ridge 
line is Ijo. At the eastern boundary of the Banner Hill district the 
ridges approach each other, and are in fact separated only by the deep 
canyon of Deer Creek. In the southeast corner of the Banner Hill 
tract, towering 500 feet above the ridges, stands the isolated and con- 
spicuous Banner Hill (elevation 3,904 feet). From the edges of the 
ridge tables steep slopes lead down to the watercourses, steepest as a 
rule near the summit, then flattening out somewhat, then again becom- 
ing steeper toward the stream bed. The distanc^e between the ridges 
is greatest at the western edge of the Nevada Cit}' tract, and here, as 
well as south of Nevada City, the relief is less accentuated. 

The general relief of the Grass Valley tract is gentler and the out- 
lines are more undulating than those of the region described above. 
The elevations range from 3,080 feet on tlie summit of Osborne Hill to 
2,080 in the bed of Wolf Creek, at the southern boundary. The north- 
eastern part consists of a series of rather flat to])ped ridges, 200 to 300 
feet high, with comparatively steep slopes toward the watercourses. 
The larger, southwestern part may be considered as an undulating 
X)lateau, with somewhat irregular hills and ridges rising to a height of 
100 or 200 feet above the general level. In this plateau the principal 
drainage line has cut a canyon, which in some places is narrow and 
steep, and the dei)th of which does not exceed 300 feet. Rising high 
above the other relief and occupying a position similar to that of 
Banner Hill, stands the high ridge of Osborne Hill. 

DRAINAGE. 

The principal stream is Deer Creek, which traverses the middle of 
the region from east to west, and which, 12 miles farther west, empties 
into the Yuba River. The total fall of the stream from the eastern 
side of the Banner Hill tract (elevation, 2,840 feet) to the western side 
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of the Kevada City tract (elevation, 2,160 feet) is 680 feet, or about 100 
feet to the mile. The fall is by no means uniform, however. In the 
steei) canyon in the eastern part of the Banner Hill tract it is 150 feet 
to the mile; thence down to Nevada City about 100 feet to the mile; 
from Nevada City to the Providence mine, through another narrow 
canyon, the fall is 150 feet to the mile; and from the Providence down 
to the edge of the tract it is but 53 feet to the mile, the creek meander- 
ing over gravelly flats. Lateral ravines, usually steep and narrow, lead 
to the creek from north and south. A somewhat larger tributary is 
Little Deer Creek, which heads in the vicinity of Banner Hill. South 
of Towntalk the drainage is toward Bear Kiver, the ravines forming 
the northern headwaters of Wolf Creek, a tributary of that river. 
Southeast of Banner Hill the steep ravines lead down toward Green- 
horn Creek, also a tributary of Bear River. The larger part of the 
area in the southern part of the tract is drained by Wolf Creek, a trib- 
utary of Bear River. From the city of Grass Valley it runs south to 
the limit of the tract without larger tributaries. At Grass Valley it 
forks into two creeks, which have a general east-west direction. The 
fall varies from 50 feet to the mile in the Grass Valley basin to 130 in 
the vicinity of the Omaha mine. The smaller tributaries to the creek 
show a feature which is also marked in the other two tracts, though 
to a less extent; they flow with gentle grade over the undulating, 
plateau -like country, even forming marshes at their sources, but on 
approaching the main stream they descend to it with a steep, torren- 
tial grade. East of Osborne Hill the drainage is toward Rattlesnake 
Creek, a tributary of Wolf Creek. The extreme northwestern corner 
drains to Deer Creek. 

VEGETATION. 

The vegetation is of generally uniform character throughout the dis- 
trict, and consists predominantly of a second growth of yellow pine 
(Pinus ponderosa)^ the much more luxuriant growth once covering a 
large part of the ground having been cut for mining purposes since 
1849. A few large white-oaks are found on the more open flats, and a 
strong bushy growth of chaparral (Manzanita and Ceanothus) covers 
some of the hills. The serpentine ridges have a separate and peculiar 
vegetation of digger-pine (Pinus sahiniana) — elsewhere rarely growing 
above 2,000 feet — yew, stunted oak, and thorny bushes. 

LITERATURE. 

The references to the mining industries of the districts are very scat- 
tered and consist chiefly in descriptions of individual mines. The more 
important of them are contained in the following list. In the prepara- 
tion of this report the statements in Bean's Directory, Raymond's and J. 
Boss Browne's reports, Burchard's mint reports, and the reports of the 
State mineralogist have been frequently consulted and used. Bean's 
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Directory is uiHiuestionably the best and most extensive as well as the 
most reliable report extant of the districts up to the year 1866. In 
these publications the geological features generally occupy a very sub- 
ordinate space, most observations being confined to character of veins 
and ore shoots, production, and technical data. 

W. P. Blake. Kxplorations and surveys for a railroad route from the MissiHsippi 
River to the Pacific Ocean, Vol. V, p. 268. 

yote« ina«1e in 18&{. Contains tatementH in regartl 10 tlie Empire and Gold Hill veins, etc. 

John S. Hittkll. Mining in the x^a<'ifif States of North America. San Francisco, 

1861. 224 pages. 
P. LaI'R. I>u gisement et «Ie I'exploration de Tor en Califomie. Ann. des mines, 

Vol. Ill, 1863, p. 412 

Notes ftom mauT inint>^s in the vicinity. Advocates Tertiary age of quartz veins Mid in^ual 
deerMute of tenor in depth. 

J. Rtiss Browne. Report upon the mineral resources of the States and Territories 
west of the Rocky Mountains. Washington, 1S<)7. 

Contains notes on many mines of the district, tables of prodiiclion and stamps, statements 
on early mining laws. etc. . also a rc,«umc by William Ashbarner on the Grass Valley mines. 

J. Ross Brownf. ReiM)rt upon the mineral resources of tlie States and Territories 
west of the Rockv Mountains. Washini^ton. 1868. 

Contains note** of many mint^s in the district, chit'dy from Bean's Directory. 

Bex Silumax. Jr. Notes on the tirasA Valley mining district. Am. Jour. Sci., 2d 
<enes. Vol. XI. IV, pp 2:^^-244. 1867. 

Contains descnptiou un<l notes of .•«cver.il Grass Valley mines, notably of the Eareka; notes 
in reitard to the i:i*«»lo«jy of GroMi Valley, etc. Professor Silliman speaks of the greenstones as 
probably altert-«l •>«^lini*-ntji. refers to the presence of syncline and anticline, and considers the 
qoartx veins as i^^nformini; to the stmtitication. The jointing or sheeting has evidently 1»een 
mistaken for istratificjition. < Vciirrence«>f ore shoots i.n exc*€Uently explaine<l. and the view of 
impoverishiuent in depth isc«>ml»att^l. 

Be.%.x*s History ani> Uirki'Tory ok Nkvai>a Coi'XTY. Compiled by Kdwin 
K. Bean. Neva«la. 1S6T. 

An exct-lWnt h*M>k. jiivin:: historical data <tf the development of the di.strict, as well as 
decaile«l notes in rvgard to nr^rly every vein and placer then workf»d, chiedy in re^nl to yield 
and ownership. Out of print and very rare. 

R. W. Raymoxd. Rei»ort on ihe mineral re»*ource8 of the States and Territories 
t»e*t of the Rocky Monntain.s Vols. 1 to VIII, comprising 1869-1877. 

('ontaiAs naaten>us aoir^ in regard to mines of the di.ntrict. 

Am«»< Bo'stman. Rep<.*rt on the ]»roperties :in<l domain of the California Water 
Company, sitnated on the Ge«>rjreU»wn divide. San Francisco, A. L. Bancroft 
A Co.. KX, Also in Raymond reports. Vol. VII. 1879, pp. 441-470. 

0>£:a;c* a few 0«»tt-s on «irAss Valley mines and many references to other lo(*alities in the 
tvoi'ii FW-It. Al-^* <*-Dtain« a :mp showini: strike of the most important veins of the Gold Relt. 
Boi^k "V ery rue -ind »»:it of print 

n. C. Br"ECHARi». Report of the r>ir«<'torof the Mint upon the statistics of the pro- 
duction of the precious metaU in the Tniteil States. 1881, 1882, 1883, 1884. 

C4>ntaui« naaiero :« aotes. chiedv <>n the production of Nevada City and Grass Valley mines. 

J. V. Whitxey. The .»anfen>us gravels of the Sierra Nevatla of California. Memoirs. 
Mn*. Comp. Z..0I. H^r^ .^ni Coll.. Vol. VI. No. 1. Cjwnbridjre, 1880. 

Note* and •i'<^r:p::«*a .-f jtjiv*-; mines m tb- d.*srictj», by J. 1>. Whitney and W. H. Pettee. 
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Bkports ok the State Minerajlooist of Caufornia. SacramentOy Cal. Vols. 
I to XII, 1880 to 1895. 

Nameroos notea and doMriptions of quarts and placer mines in the district, by Melville 
Attwood, J. B. Hobson, and £. A. Wiltsee. Also a paper on the " Lithology of Wall-rocks,** 
by Melville Attwood, deecrlblog the Eureka and Idaho mines (8th Ann. Bept., pp. 771-784.) 
Also a map by Boss E. Browne, of the Harmony grayel mines (12th Ann. Bept.). 

J. Arthur Philups. The mining and metallnrgy of gold and silver. London, 1868. 

Contains notes from personal observation on some Grass Valley mines, and also exodlent 
observations on ore shoots, etc. Shows that the gold ores do not decrease in tenor with depth. 

F. G. Corking. The gold quartz mines of Grass Valley, Cal. Eng. and Mln. Jour., 

Dec. 11, 1886, p. 418. 
E. Reyer. Ueber die Goldgewinnung in Califomien. Zeitsch. fUr Berg- , HUtten- 

und Sallnenwesen im prenss. Staate, Vol. XXXIV, pp. 1-28, 1886. 

Greologioal sketch of Grass Valley and Nevada City; notes on Eureka and Idaho mines. 
The determination of rocks is not altogether satisfactory ; data presented apparently show- 
ing gradual decrease in value of ores in depth. 

W. M. Courtis. Gold qoartz. Trans. Am. Inst. Min. Eng., Vol. XVIII, pp. 639-644, 
Oct., 1889. 

Describes microscopic sections of gold* bearing quarts from Grass Valley and other places. 

Nevada County Mining Review. Published by the Daily Morning Union. Grass 
Valley, 1895. 

Contains short descriptions of the various mines in operation at the present time. 

HISTORY. » 

Previous to the middle of the present century this region, as well 
as the whole Sierra Nevada, was an unbroken wilderness; the region 
above an elevation of 2,000 feet was covered with magnificent forests 
of sugar pine, yellow pine, and fir. Nevada City and Grass Valley 
were located at the lower limit of this luxuriant and virgin forest. 

Once opened up by the army of gold seekers, the progress of the 
country was rapid; marvelous indeed are the changes wrought in the 
short forty-eight years elapsed since the discovery of the gold in 1848. 

The first discovery of gold in the Sierra Nevada is, as is well known, 
credited to J. W. Marshall, who on January 19, 1848, found some nug- 
gets in the mill-race while constructing a sawmill at Coloma, Eldorado 
County, for General Sutter, of Sutter's Fort, now Sacramento. 

The first gold found within the boundaries of Nevada County is said 
to have been panned out by Jonas Spect on Bose Bar, on the Yuba 
Eiver, north of Smartsville, June 2, 1848. Marshall himself is stated 
to have visited Nevada County in the summer of 1848, while escorting 
a party of immigrants across the mountains. He camped on Deer 
Creek, near where Nevada City now stands, and tried a few pans of 
dirt, finding gold each time. In October, 1848, two prospectors came 
uj) Wolf Creek and camped a short time near where the Eureka and 
Idaho mines are now located. 

During the summer and fall of 1849 the miners gradually worked up 
along the Middle and South Yuba, Bear River, Deer Creek, and their 

)In the compilation of this brief historical review the sources mentioned above have been freely 
drawn upon. 

17 GEOL, PT 2 2 



1 8 GOLD-QUARTZ VEINS OF NEVADA CITY AND GRASS VALLEY. 

principal tribataries. Several men were campiug at Boston Ravine 
and Badger Hill, Grass Valley. Dr. Caldwell built the first store where 
yevada City now stands, and sawmills were erected 4 miles south of 
Grass Valley. From that time the development of the districts, at first 
based principally upon the alluvial placer mines, went rapidly forward. 
In March, 1850, an alcalde was elected under the Mexican law at Cald- 
well's store, and the camj) received its name of Nevada. In Ai)ril of the 
same year the first hotel in Nevada City was erected. It was built of 
rifted pine boards, the whole house, 8 feet front and 48 in depth, being 
taken from one tree. The house opened on May 1 with 40 guests, the 
moderate price of board and lodging being $25 per week. 

A town, called Coyoteville, grew up on the gravel hills in the north- 
western part of the present Nevada City as soon as it was found that 
the hill gravels were rich. Several thousand men rushed in during 
1850. Sawmills were erected, and the lumber sold at $200 per 1,000 
feet. In the summer of 1850 a church was organized, and a paper 
appeared in 1851. In 1853 the first brick building was erected, and tel- 
egraphic communication with Sacramento and Marysville was estab- 
lished. In 1850 there were 907 occupied houses in Nevada City. 

In Grass Valley several stores were opened in 1849 and 1850. The 
first town election was held in November, 1850. The first church was 
organized in 1851, and a school with 12 pupils opened in a log cabin the 
same year. After 1851 the growth of the town was very rapid. Like 
Nevada City, it was, however, subject to many fluctuations, caused by 
several rushes of the miners to newly reported gold regions, and by 
periods of depression and activity in the quartz-mining business. 

In 1880 there were 20,833 inhabitants in Nevada County; in 1890, 
according to the last census, 17,369. This decrease is directly due to 
the cessation of hydraulic mining, prohibited shortly after the census 
of 1880 by the Federal courts, on account of damage wrought to the low- 
lands of Sacramento Valley. 

Grass Valley township had in 1880 a population of 6,688; in 1890, 
6,798. The population of the city is not given separately. Nevada 
City township had in 1880 a population of 5,506; in 1890, 4,013. The 
population of Nevada City is given as 4,022 in 1880, and 2,524 in 1890. 
Since 1890 both cities have increased not inconsiderably in population, 
due to the renewed interest in quartz mining. 

DEVELOPMENT OF MINING INTERESTS. 

PLACER MINING. 

During the first years the alluvial placer mines furnished the largest 
amount of gold; in both districts such mines were actively worked 
dunng the first and even the second decade after the discovery. Very 
soon, however, the older. Tertiary hill gravels were discovered; the 
deposits of these were far richei* and more abundant at Nevada City 
than in Grass Valley. Between 1856 and 1800, and between 1865 and 
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1870, the old channels on the Alta, Towntalk, and Independent hills, 
near Grass Valley, were worked by the drifting process. Very little 
hydraulic work was done abont Grass Valley. At the present time 
there are practically no placer mines working in that vicinity. 

As early as 1851 the hill gravels above Nevada City, both on the 
south and on the north side of the Sugarloaf, were discovered, and the 
town of Coyoteville, already alluded to, was established on the eastern 
end of Lost Hill. The methods of mining were at first primitive, small 
shafts being sunk and low drifts run in different directions. Sluices, 
the first improvement on the pan, rocker, and long-tom, were first used, 
it is said, in the Coyoteville diggings. In 1853 the first experiments 
in hydraulic mining, or sluicing with water under high pressure, were 
made in Nevada City, on American Hill, by E. G. Matteson. During 
the sixth and seventh decade hydraulic mining was carried on exten- 
sively about Nevada City. Writing in 1866, Bean remarks in his 
directory: "The placer mines are still worked quite extensively and 
are the main reliance of a large proportion of the population. There are 
a few companies conducting operations on a large scale, and gener- 
ally with success, besides numerous independent miners working the 
gulches and ravines." At this time hydraulic plants were in oper- 
ation on American Hill, Wet Hill, and Lost Hill; extensive ground 
sluicing was carried on on the head waters of Brush Creek, about 
Selby Flat, where the shallow gravels were extraordinarily rich. In 
1858 to 1860 the rich Nebraska ground of the Manzanita channel was 
drifted. In 1870 the hydraulic mine on the Manzanita channel was 
being worked. The last hydraulic work about Nevada City at the time 
of the suppression of hydraulic mining was in the extreme northwest 
corner of the large hydraulic area on American Hill, and is referred 
to as Hirshmann's Cut. Since 1890 several drift mines have been in 
operation on the Harmony Eidge, notably the East and the West 
Harmony mines. 

QUARTZ MINING. 

The first find of gold-bearing quartz was made on Gold Hill by a 
German in September, 1850. The piece was sold for $5, and proved to 
be worth $100.* These and other finds were at first not thought much 
of. But in November, 1850, a rich ore shoot was struck on Gold Hill 
by miners digging a hole for their cabin chimney; pieces of this vein 
proved to contain $500 per ton. A great excitement followed, and in 
this and the two following years most of the quartz veins in the vicinity 
were located. At first the quartz was crushed in mortars with spring 
pole, and the Huft* company took out $20,000 in this way in the winter 
and spring of 1851. 

The first mill was put up in January, 1851. It was a rude affair and 



1 Letter by Senator A. A. Sargent, written January 1, 1856, andpablisheu in the Nevada Transcript, 
October 30, 1893. 
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proved practically useless. A second, S-stamp mill was erected soon 
after, which was a little more nsefdl. Kock from Gold Hill was crushed 
in it for $50 per ton. The miners were paid $12 per day. In the follow- 
ing years a number of mills were built, one of the best being erected by 
Melville Attwood in 1853. In 1853 W. P. Blake writes that several 
quartz mills were located along Boston Ravine, and describes the 
process in use at the mill of the Empire mine, which began to work in 
1851, and with brief intermissions has continued until to-day. Whit- 
ney^ writes at the same time that with the beginning of 1853 there 
were at least 20 Anglo-Califomian companies in the Loudon market, 
representing a capital of $10,000,000. 

During 1851 there was a great excitement about quartz claims in 
Nevada City, rich gold quartz having been discovered. The Merri- 
fleld. Providence, and Gt)ld Tunnel veins were locat<4id, and during the 
next year expensive reduction works were erected, ail of which except 
the Gold Tunnel mill were conspicuous failures. Over $80,000 were 
expended by the "Bunker Hill" company on a smelting process, works 
for which were erected on the present Nevada City claim. 

On account of the many failures, quartz mining at Grass Valley and 
Nevada City received a serious setback. At Grass Valley, where sev- 
eral mills were kept running, the industry slowly revived, but at Nevada 
City the miners turned their attention to the gravels, and quartz mining 
was almost neglected. In 1857 Grass Valley was flourishing and Nevada 
City mines were improving. From 1859 to 1862 the business was de- 
pressed and values in both districts depreciated greatly, owing partly 
to the great Washoe excitement, partly to the flooding of many mines 
during the winter of 1861-62. Again matters improved, and in 1867 
Grass Valley was the most prominent camp in the State. In 1866, 
according to J. Boss Browne, there were 248 stamps, crushing 71,420 
tons of ore, with an average yield of $30 to $35, in Grass Valley, and 
142 stamps, crushing 14,200 tons, averaging $25, in Nevada City. 

In 1873 (Kayniond's report) the Grass Valley district ]>roduced about 
$2,000,000 (estimate of large mines only), raising G0,000 tons of ore, 
averaging $33, with 1 or 2 per cent sulphurets, while in Nevada City 
only $67,000 was produced from 9,000 tons of ore, averaging $7.50 
per ton. 

In 1880, according to the Tenth Census, 28,989 tons of ore were raised 
in the Grass Valley district, averaging $20.26; in the Nevada City dis- 
trict, 27,814 tons, averaging $22.52; and in the Willow Valley district, 
1,030 tons, averaging $40. Neither the Tenth nor the Eleventh Census 
gives the number of stamps running. P'rom the latter there are no 
definite data to be obtained, the production of the county only being 
given. 

According to the table by Mr. J. B. Hobson, in the Tenth Annual 
Keport of the State Mineralogist for 1889, there were, during that year. 



< Metallic Wealth of the United State*, Philadelphia. 1854. p. 142. 



UNDOBLv.] DEVELOPMENT OF MINING INTERESTS. 21 

211 stamps in Grass Valley, crashing 69,054 tons of ore containing 1,721 
tons snlphorets, or 2 per cent, ^ith a total estimated value of ^ee gold 
and salphnrets of about $1,285,000, or about $18 per ton; in Nevada 
City, 172 stamps, crusliing 33,000 tons of ore containing 1,2G9 tons of 
sulphurets, or nearly 4 per cent, with a total value of free gold and 
sulphurets of about $402,500, or about $12 per ton. 

A) very decided improvement in the quartz-mining business was 
noticed in the beginning of the present decade. While in 1885 there 
were but few mines running and but little prospecting in progress, a 
great and increased activity was noted at the time this investigation 
was begun. Two hundred and fifteen stamps were dropping in Grass 
Valley and 170 in Nevada City during 1893, and several new mills have 
been erected since then. 

Gold Hill and Massachusetts Hill were the principal producers during 
the first two decades. The Empire has worked almost continuously 
since 1851. The North Star was in operation until 1872, then again fromi 
1884 to the present time. The Eureka pay shoot began to be exploited 
in 1864, and has been continuously worked since then in the Eureka, 
Idaho, and Maryland mines. At Nevada City the Gold Tunnel and Cali- 
fornia mines were among the earliest worked. The Providence and 
Nevada City mines have been exploited almost continuously, with short 
interruptions. The Sneath and Clay and the Pittsburg were large pro- 
ducers during the sixth and seventh decades. The Willow Valley veins 
have been worked intermittently. 

In 1894 the following mines were producing: 

Nevada City. 

Drift mines, — Eaat Harmony and West Harmony. 

Quartz mines, — Champion, Providence, Nevada City, Spanish, Mayflower, Federal 
Loan, and Pittsbnrg. 

Grass Valley. 

. Quartz mines. — Maryland, Empire, North Star,W. Y. O. D., Pennsylvania, Electric, 
Omaha, Slate Ledge, Osborne Hill, and Orleans. 

MINING CLAIMS. 

The first meeting of miners was held in Grass Valley January 13, 
1851, on Massachusetts Hill, when a size of 30 by 40 feet was allowed 
for all claims, the boundaries in all cases being perpendicular. Later 
on, claims 100 feet square were allowed. The form of the quartz claims 
on Massachusetts Hill still shows the outlines of the earliest locations. 
Still later, in 1852, a uniform rule was adopted by the quartz miners of 
Nevada County by which *' each prospector shall hereafter be entitled 
to 100 feet on a quartz ledge or vein and the discoverer shall be allowed 
100 feet additional. Each claim shall include all the dips, angles, and 
variations of the vein." (Ross Browne's Report, Washington, 1867, 
p. 235.) This was still in force in 1866, and in fact until the Federal 
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mjLinz laws were jiassed in 1S7^ allowing qoartz claims to be 1,500 feet 
ftkjii^ iLe Teiu« witb all tbe dijis. spurs, and angles, and 600 feet wide. 

PROC£S5BS OF MINING AND MILLING. 

The scope of tln> paper does not permit a detailed explanation of tbe 
I«roees6es nj^ed in obtaiiiiug tbe gold from tbe gravel and tbe quartz. A 
few notes on tbe f^nbjeet mav. bowever. not be amiss for tbose not 
faniTliar witL tbe mcftbods emi^oyed. 

HYDRArLir xno^G. 

This met-bod <x»nsi5t.« in directing a stream of water under pressure, 
ranging up v* M<l feet, againi^t bigh gravel banks. Tbe quantity of 
water in one jet ranges up to 1,000 or even 1,500 miner^s inebes 
(lO.OOf* to 15.000 gallons per minute, approximately). The disintegrat- 
ing |«ower of tbe jet is often aided by bank blasting, consisting in run- 
ning anal] drifts in the bank and exploding heavy charges — up to 
Ji5.W«0 ponnd!S--of black fiowder. Tbe gravel is then led through a 
numl^er of i^luice boxes, aggregating at least 1,000 feet in length, in 
which the gold is caught in riffles of cobblestones or wooden blocks by 
tbe aid of added quicksilver. There are no data of the yield or cost 
of the hydraubc mining in Nevada City. Presumably, it was not much 
different from that of tbe other large hydraulic mines in the county. 
The top gravel is usually XM>or, containing from 2 to 10 cents per cubic 
yard, while the lowcjst part on the bed rock may be very rich. The 
minimum cost is probably about 3 cents per cubic yard. 

DRIFT MnONG. 

This Tnethod consists in extracting the richest gravel on the bed 
rock of the old cbannelis opened uj) by means of tunnels, inclines, or 
vertical shaft.s. The gravel Ls rarely worked to a height of over 8 feet, 
the gold being mostly concentrated near the bed rock. The deposit is 
blocked out and exploited in a manner similar to the working of hori- 
zontal coal seams. The pay gravel is washed in sluices, rarely aggre- 
gating more than a few hundred feet in length, or when hard and 
cemented is crushed in stamj) mills. 

The cost varies greatly, according to conditions. Under the most 
favorable circumstances the expenses may be reduced to IK) cents per 
cubic yard: in mines worked by shafts or inclines, having to hoist the 
gravel and pump the water, the expense is increased to $2 or $3. The 
milling of the gravel, when necessary, is usually considered to cost 33 
cents per ton. 

QUARTZ MINING. 

The method almost universally adopted of exploiting the quartz 
veins is by incline shafts, following the dip of the dei)osits. Levels 
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are turned usually every 100 feet, and the pay rock is extracted by over- 
band stoping. Perpendicular sbafbs are sometimes used to open veins 
with flatter dip. 

Tbe cost of mining varies considerably with the thickness of the 
vein, the hardness of the country rock, and the depth and amount of 
water in the mine. The generally narrow veins of Grass Valley neces- 
sitate so much dead work that the expenses are rather high. In the 
large veins of Nevada City the cost is stated in the mineralogist's 
reports to be $2.50 to $3 per ton, while in the North Star, a representa- 
tive deep mine with narrow vein, it is $5. In certain mines of Grass 
Valley, working under disadvantages, it is even more — up to $6 and 
$7. The cost of mining has decreased considerably in the last twenty 
years. J. Ross Browne gives the cost at the Empire mine as $8.60 
per ton in 1867, while at present it does not exceed $5. The power 
used is steam, water, or electricity. 

MILLING. 

The ores from both mining districts are called "free milling ^ — that is, 
they contain native gold easily amalgamating with quicksilver. They 
contain, also, however, a certain percentage of gold chemically com- 
bined or very intimately mixed with the metallic sulphurets which 
make up a small fraction of the ore. However fine the ore is crushed, 
there is always a certain, sometimes considerable, amount of gold going 
off with the sulphurets if these are allowed to escape. This was rec- 
ognized early, and the saving of the gold in the sulphurets has been 
found the most difQcult problem in the milling process. 

W. P. Blake described the process in use at the Empire mill in 1853 
as follows: The ore, after being roasted in heaps, is crushed in a 
10-stamp mill; the pulp passes over blankets, where much gold and 
pyrites is caught; these blankets are wrung out in water at intervals, 
and the mixture of gold and pyrites is subjected to amalgamation in 
pans. From the blankets the pulp passes through a revolving cylinder 
holding mercury, where a part of the fine gold is amalgamated; finally 
the pulp is subjected to an amalgamation in a Blaisdell pan holding mer- 
cury and iron balls ; three-fourths of the gold is caught on the blankets. 
The gradually elaborated process was in use for many years and is 
known as the Grass Valley process. W. A. Skidmore describes it as 
used in the Idaho mill in Raymond's reports for 1869 and 1870: The 
quartz is crushed very fine; there is no amalgamation in the battery. 
From the battery the pulp is passed over blankets which are washed 
out every fifteen minutes. The results from the blanket washings are 
passed through two Attwood amalgamators, where a revolving cylin- 
der with rakes stirs the mass in a bed of quicksilver. The skimmings 
of the amalgamators are treated in two Knox pans with chemicals, and 
here 33 per cent of the gross yield is obtained. The pulp from blankets 
and amalgamators is passed in contact with revolving cylinders of 
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amalgamated copper plates, and the sulphurets are concentrated on 
improved Cornish buddies. The sulphurets are finally passed to the 
chlorination process. The average cost of milling in 1868 was generally 
over $2. 

The chlorination process, obviating the shipping of the sulphurets 
to smelting works or the wasteful grinding in amalgamating pans, was 
successfully introduced in this region in 1860 by G. F. Deetken and 
O. Maltman, and has been in use continually since that time. The 
sulphurets are subjected to an oxidizing roasting, usually with addition 
of some chloride of sodium ; the roasted ore is exposed to the action of 
chlorine gas in large vats, and the chloride of gold formed is extracted 
with water. From this solution the gold is precipitated in a metallic 
state by means of ferrous sulphate. The silver is leached by calcium 
hyposulphite and precipitated as sulphide of silver by calcium poly- 
sulphide. The charge of treating 1 ton of sulphurets is from $16 to $20. 
There are several chlorination works to which the miners usually sell 
their concentrates. Mines with tbeir own chlorination works reiwrt 
the cost to be $8 or $9 i)er ton. 

The process of the modern stamp mill differs considerably from the 
old Grass Valley process. The ore is crushed by rock-breakers and fed 
automatically to 900-pound stamps dropping 6 to 7 inches from 80 to 90 
times a minute. Amalgamation in battery is commonly used. Thirty 
to 40 mesh screens are used for the discharge, which is only on one 
side. From the battery the pulp i)a8ses over broad 4 by 6 foot silvered 
amalgamating plates. From tbe plates the pulp goes to tbe vanners, 
self-discharging concentrators of the endless-belt type, with lat^eral or 
longitudinal oscillation. In a few mines, notably the Idaho-Maryland, 
the tailings from the concentrates are worked over again with different 
contrivances, but ordinarily they escape directly. The cost of milling 
has been greatly reduced in the last twenty years. In the North Star 
30-stamp mill, under B. A. Abadie, superintendent, the cost during 
1887 to 1893 averaged 82 cents per ton. The cost of milling in general 
may be said to vary between $1 and 50 cents pei- ton, exclusive of the 
treatment of the sulphurets. 

LOSS OF CfOLD. 

While the stamp mill has been very mu(;h improved and the loss of 
gold very much lessened, still there is in many cases unquestionably 
room for improvement. Some mills may work the ore up to 90 per cent 
of the assay value, ^ but in the majority probably an average of 75 per 
cent only is recovered, and in imlividual cases the loss may be much 
greater. The mines whose ore contains tellurium or much sulphurets 
are particularly liable to lose much of the finely divided particles; 
galena is especially liable to escape in the sluices. A strict control 



'Accorcliu); to J. H. Harainoud, 82 to 95 |)er cent of the assay value of the ore was saved in tbe 
Empire and North Star mills. 
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over the process by continued assays of ore and tailings is too often 
lacking. The concentrators are made to work a pulp consisting of 
grains of all sizes; in larger miUs this could be obviated by proper 
separation of the pulp by streams of ascending water; canvas plants 
for the saving of the frequently rich, finest slimes are at present rather 
the exception than the rule. Kich sulphuretted ore, worth $75 and 
above, should never be milled, but shipped to smelting works; the 
losses in the mill are in this case always heavy, and may be enormous 
if tellurium is also present. 

THE CYANIDE PROCESS. 

Attempts to introduce the cyanide process in this vicinity have thus 
far not succeeded. For the concentrates the process can hardly com- 
pete with the chlorination. The large amounts of tailings to which it 
could have been applied have been swept down Deer Creek and Wolf 
Creek instead of being stored up. It is not improbable, though, that 
it could be used for many of the finest slimes, at present not utilized, 
as has been done at the Utica mine in Calaveras County. 

LiTKRATURK. 
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alogist, 1889, pp. 105-138. 
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pp. 736-770. River mining. Ninth Rept. State Mineralogist, 1889, pp. 262-281. 

J. H. Hammond. Milling of gold ores in California. Eighth Rept. State Miner- 
alogist, 1888, pp. 696-735. 

E. B. Preston. California gold mill practice. State Min. Bureau, Bull. 6, 1895. 

E. A. Abadik. Gold milling at the North Star mine. Trans. Am. Inst. Min. Eng., 
Vol. XXIV, 1894. 

PRODUCTION. 

To determine correctly the production of any mining district in Cali- 
fornia since 1849 is a well-nigh hopeless undertaking, so deficient are 
the statistics. The best that can be done is to present an estimate 
based upon the known yield of later years and the estimated yield 
in the earlier times. As the product of these districts form an impor- 
tant part of the total gold production of California, that may first be 
stated in round figures. The figures for the years 1848 to 1865, inclu- 
sive, are taken from the estimate of Dr. H. Degroot;^ for 1866 to 1878 
from the estimates of the Director of the Mint;^ and from 1879 to the 
present time the amounts have been determined by the Director of the 
Mint on the basis of more accurate information. The production is 
given in millions of dollars. 

1 Fourth Ann. liept. State Mineralogist, i).217. 
'Eleventh Census, Mineral Industries, p. 40. 
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Estimated production of gold in California. 






V«^r. 


Millions . 
of dollars., 

i 


Year. 


Millions 
ofdoUazB. 


Year. 


Millions 
of dollars. 


1 1848 


1 


1865 


28 


1882.. 




1 

16.8 1 


; i?^9 


23 

50 ! 
55 i 


1866 

1867 

1868 


25 
22 


1883. 
1884. 
1885. 




14 1 ' 


1 

, 1850 


13.6 1 


; 1851 


12.7 


1 1852 


60 : 


1869 


22.5 


1886. 




14.7 


1853 


65 


1870 


25 


1887. 




13.4 


■ 1854 


60 


1871 


20 


1888. 




12.8 


1855 •. 


56 


1872 


19 


1889. 




13 


1856 


1 55 


1873 


18 


1890. 




12.5 


1857 


54 


1874 


20.3 


1891. 




12.6 


1858 


50 


1875 


17.6 


1892. 




12 


1 1859 


48 


1876 


17 


1893. 




12 


1860 


45 


1S77 


15 


18W. 




13.6 


1861 


40 


1878 


15.3 


18^. 




15.3 = 

1 


1882 

1H63 


3S 
35 


1879 

1880 


17.6 
17.5 




Total ... 


1,301.1 


l>^ 


»> 


1><81 


18.2 




• 


1 



The prodoctioii of Nevada County i>revious to 18S1, when the esti- 
mates^ by counties was undertaken by the Mint, can be given only as a 
roaj^h estimate. A. Delano, a banker and mine owner of Grass Valley, 
probably better ti>nversant with the facts in question than anyone else, 
gave in 1873 an estimate of $105,000,000 as the output of Nevada 
Omuty from 1<49 to 1872, which, from its relation to the total gold 
proilnet. seems very reasonable. From 1873 to 1880 there was an 
average total gold production of 17 millions in the State, and we may 
esfitimate the production of Nevada County during the whole of that 
period to have been 2S,S millions. 

E^Umkafeti yold production of ycrada Cimntif^ 1S49 to lS!*Of inclusire. 



•* 


■1-T2... 


M:Ilioo» 


Tear. 


Millions 
of dollar». 


Tear. 


MiiiioDs : 

of dollars. 


I'^:*- 


. . . 1« >5 


1?^ 


3.2 


1893 


... 2.1 


>7.-- 


■:^NV.. 


. . . 2S. ^ 


1887 


1.6 


1894 


1.8 


I'^l- 




:^.7 
3. 6 


I:<x8 


2.6 


I8i^ 

Total . . 


1.8 




183*9 


2. 1 


j 


I^'**^ 


■ 


iV^o. 




3 


1890 


2 


... 171.1 ! 


:v^. 




3 


1891 


2. 2 






l*>o. 




2.6 


1892 


2 













Still less accurate information is there available for the production of 
the Nevada Citj- ami Gi-ass Valley districts, which always, however, 
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forms tlie largest part of the sums contribating to the total of Nevada 
County. A very great amount was taken from tlie placers in the first 
decade. It was estimated ^ that up to January, 1855, $3,585,000 had 
been proiluced from the placer diggings in the immediate vicinity of 
Grass Valley, and many millions were also taken from the surface placer 
mines of the Nevada City district. The Shelby Flat and Brush Creek 
diggings have yielded several millions; the high gravels of Lost Hill, 
Wet Hill, and American Hill several more; the Manzanita Channel 
about 3 millions. Mr. Delano estimates (loc. cit.) the total product of 
the Grass Valley district from 1849 to 1872 at 40 millions, and that of 
the Nevada City district to be the same amount, which seems somewhat 
high when compared with the total estimated output of the county. 
Mr. William Ashburner estimates^ the product of the quartz mines of 
Grass Valley to be not less than 23 millions for the period 1852 to 1866, 
to which amount Massachusetts Hill alone contributed 7 millions; up 
to the present date the Eureka-Idaho has x)roduced over 17 millions, 
the Empire and the North Star probably 5 millions each. 

The exact information available is very fragmentary; the production 
by individual mines has been reported in the Mint reports of 1889 to 
1892, inclusive, the later reports giving production by county only. 

The following data are obtainable for the gold and silver production : 

Gold and silver production f*f the Nevada City and Grass Valley districts. 



Year. 



1865. 



1866. 



Authority. 



J. KoBS Browne. 



Grans Valley 
dintrict. in- 
cluding Dead- 
mans Flat 
and Forest 
Springs. 



Nevada City 
district, in- 
cluding Wil- 
low \ alley. 



1870. 
1873. 
1874. 

1875, 



do a$2,000,000 

R. W. Raymond . . I 

do ia2,000,000 

do 



1880.. 
1889.. 
1890.. 
1891.. 
1892.. 
1893 



do 



Census 

Mint report 

do 

do 

do 

do 



587,260 
1,066,600 
726, 750 
984,500 
781, 250 
840,400 



$400,000 

a 500, 000 

a 67, 000 



Total. 



Remarks. 



721, 972 
448, 200 
566,300 
325, 500 
323,800 



$2, 500, 000 
1, 587, 000 
2, 067, 000 
1, 089, 591 

a 1, 500, 000 

1, 309, 232 
1, 514, 800 
1, 293, 050 
1, 310, 000 
1, 105, 050 



Quartz mines 
only. 
Do. 
Do. 
Do. 
Only principal 
quartz mines. 
Quartz mines 
only. 
Do. 
All mines. 
Do. 
Do. 
Do. 
Only large 
quartz mines. 



a Approximate. 



* Nevada County Mining Beview, p. 10. 



' Bept. J. Boss Browne, 1867, p. 37. 
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The production of Grass Valley is derived almost exclusively from 
quartz mines. In the Nevada City district the placer mines still con- 
tribute a small part of the product. 

Accepting Delano's estimate for the earlier years of 80 million dollars 
for 1849 to 1872, the estimate for the period 1873 to 1893, inclusive, 
would be about 33 millions, or a total for the districts of about 113 
millions, which I am inclined to consider a very conservative amount 
rather too small. The quartz mines have certainly contributed 60 per 
cent of this amount, and perhaps more. 

It will be seen that the product of Nevada County has remained at 
an average of 2 million dollars for the last ten years, also that Or<'iss 
Valley during the past ten years has produced an average of about 
$850,000 per year, and Nevada City an average of $400,000 per year. 

In the above data the gold and silver productions are not separated, 
the latter being comparatively insignificant. The Mint reiwrts give 
the production in value, though the estimation of production by weight 
in ounces would, perhaps, be a better plan. The silver product of 
Nevada County for 1894 and 1895 is given as about $400, but it is 
apparent that the production in reality must be larger. Assuming a 
production of 50,000 ounces of bullion 850 fine and containing 12.5 per 
cent silver, which probably is below the average, this bullion would 
contain 6,250 ounces of silver, and as several of the ores contain much, 
more silver, this value is certainly a minimum. The average production 
is also generally above 50,000 ounces of bullion. 






CHAPTER II. 
GENERAIi GEOIiOGY. 

GENERAL FEATURES. 

The general geologic features of the region here under discussion are 
•delineated and described in the maps of the Gold Belt, especially on 
the Sinartsville and Colfax sheets, and to them the student desirous of 
more extended knowledge of the Sierra Nevada must be referred. It 
IS, however, desirable to indicate briefly the connection of the districts 
here described with the general structure of the surrounding country. 
Throughout the Sierra Nevada there is one sharp geologic distinction to 
be drawn. It is the difference betweeh the older rocks — the '* bed-rock 
series," as it is usually termed — on the one hand, and the ^'superjacent 
series,'^ or the much younger gravels, sands, clays, and volcanic rocks, 
on the other hand. The bed-rock series consists of highly altered sed- 
imentary rocks, crystalline schists, and older igneous rocks, on which 
the superjacent series lies in approximately horizontal x>osition. The 
rocks of the former series have been subjected to repeated orographic 
disturbances, and to a great extent have been compressed, broken, and 
crushed by these forces. The rocks which are now at the surface were 
once below it, probably thousands of feet; successive uplifts and con- 
stant erosion have removed the upper parts of the rock masses and 
exposed those once buried in the foundations of the range. Bightly to 
understand the geology this fact must be borne in mind. 

THE BED-ROCK SERIES. 

While it is comparatively easy to unravel the later (Neocene) history 
of the Sierra Nevada, the same can not be said of the immeasurably 
longer periods preceding it. They included successive epochs of quiet 
sedimentation, when the ocean covered the place where the range now 
rises; several distinct epochs of intense volcanic action, when tbe lavas 
built up mountains of igneous masses; and other epochs during which 
mountain-building forces lifted and crushed together these sedimen- 
tary and igneous products. In these compressed and crushed masses 
occurred enormous abyssal intrusions of coarse-grained granitic rocks. 
Animal life, on the remains of which we depend for the identification 
of the sedimentary formations, was unusually scant during the inter- 
vals of deposition, or most of the fossils were destroyed during the 
nietamorphism which the rocks have undergone. Many parts of the 
Sierra Nevada have, indeed, the aspect of pre-Cambrian complexes — 
the oldest known — though, from the evidence available, it is certain 
that the rocks of the range in general are of much younger age. 

29 
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The Nevada Citj- and (Trass Valley district is located in the upper 
foothills, near the line where the old igneous rocks of the foothill region 
give place t«» the wide belt of slaty, sedimentary rocks of the middle 
range: east of this sedimentary belt the granitic rocks of the highest 
parts of the range begin. Iligh ridges of fine-grained, dark-green rocks, 
diabase>. and augite-porphjTites form the first foothills of the Sierra 
Nevada in Yuba and Nevada counties. In the latter county these 
locks extend to near Anthony House and Indian Springs, where they 
are replaced by a belt of coarser-grained granitic rocks (granodiorite, 
dionte. and gabbro , which terminates along a line drawn by French 
Corral. Rough and Ready, and Wolf Creek Mountain. Eastward of 
this line, up to Nevada City and (rrass Valley, the geology is very com- 
plex: relatively narrow belts of more or less metamorphosed sedimen- 
tary rock«. standing at steep angles, alternate with large <|uantities of 
fre>b or metamorphosed igneous rocks. Near Nevada City this com- 
plex i> seiiarated from the predominantly sedimentary slates to the 
ea.<t by the rounded southern end of the great intrusive granodiorite 
mass extending more than 20 miles northward into Butte County. In 
the soathem part of Nevada County the diabases and ]K)rphyrite8 of 
the foothills extend verj' far eastward, and an area of these rocks 
reaches northward, including Osborne Hill, t4> the east of Grass Valley. 

The region of complicated structure begins at Rough and Ready, 5 
milcis west of Grass Valley, with ainphibolites and gabbros; then fol- 
lows a belt, from one-fourth of a mile to 1^ miles wide, of sedimentary 
clay-slates and siliceous slates, which, near the North Star mine, enters 
the Grass Valley tract. A branch of these slates is deflected to the 
southeast and traverses the northeastern part of the Grass Valley 
tract. Between Grass Valley and the main clay-slate belt lies a body of 
diabase and porph\Tite about three-fourths of a mile wide, the con- 
tinuation of which northward, though broken for a short distance by 
inter\'ening slate masses, is found west of Newtown. East of this dia- 
base belt lies the Grass Valley area of granodiorite, 5 miles long, a 
rather narrow body of coarse -graine<i granitic rock, the northerly end 
of which is fouiKl m the city of Grass Valley. Eastward of this comes 
the great pr>rphyrite and diabase area of Osborne Hill, limited again 
by the above-mentioned streak of sedimentary slates cutting obliquely 
across the Grass Valley tract. 

The greatest complication is found between Nevada City, Newtown, 
and Grass Valley. Within this area the rr>cks may be divided into 
three groups: (1) The two narrow belts of siliceous clay-slates with 
steep dip, one following the contact of the Nevada City granodiorite 
area for a long distance, the other embedded in porphyrites one- fourth 
of a mile eastward. (2) The diabases and porphyrites, occupying a 
considerable area to the south of Nevada City and continuing down to 
the viciiiity of the Maryland mine. These dark-gieen, fine-grained 
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rocks form pointed areas running out northward. The largest, adjoin- 
ing the first-mentioned slate belt, comes to a point about 3 miles west- 
northwest of Nevada City. (3) The diorite-gabbro-serpentine complex, 
beginning north of South Yuba River, forming a lenticular mass 9 
miles long and not over 3 miles wide, and running out in several points 
a short distance east of Grass Valley. The largest part of the latter 
area consists of a coarse-grained, lighter or darker green diorite or gab- 
bro, or a rock intermediate between the two. In it lie several lenticular 
masses of serpentine, usually running out to sharp points. The road 
from Nevada City to Newtown crosses the two largest of these serpen- 
tine masses. Less altered pyroxenites and peridotites are found in or 
near the serpentine. There is excellent reason for believing that all 
the rocks of this complex are of similar age and origin. 

Turning now to the question of the relations of all these different 
rocks, it should be stated tbat no fossils have thus far been found in 
the sedimentary rocks of the district. The greater part of the latter 
have been referred to the Calaveras formation, which embraces the 
Paleozoic sedimentary rocks of the Sierra Nevada. Among the Pale 
ozoic rocks the Carboniferous strata doubtless predominate, but the 
paucity of fossils has permitted identification only at relatively few 
points. The determination of the rocks in question as "Calaveras," 
therefore, rests on circumstantial evidence only. These slates of the 
Calaveras formation are probably the oldest rocks in the district. 
During a mountain building disturbance toward the end of the Pale- 
ozoic or the beginning of the Mesozoic these beds became folded and 
compressed. This earliest uplift was associated with the outbreak of 
igneous rocks, which, indeed, in some localities took place even during 
the deposition of the Carboniferous beds, but of those igneous rocks 
there is no positive trace in the region under discussion. It is believed 
that all of the igneous rocks of Grass Valley and Nevada City are 
post-Carboniferous, and probably none of them antedate the end of the 
Juratrias period. 

During the last portion of the Juratrias period a large part of the 
Sierra Nevada was a land area. Part of it, however, was submerged, 
and in that sea the latest sedimentary division of the bed-rock series — 
the Mariposa beds — was deposited. These are black, carbonaceous 
clays, interbedded in places with volcanic tuffs, showing that during 
their formation volcanic forces were acting. In this district a narrow 
belt of black clay-slates, interstratified with clastic volcanic material, 
has been determined as belonging to the Mariposa beds. 

After the Mariposa epoch followed a time of the most intense moun- 
tain-building disturbance, accompanied by the outburst of an enormous 
quantity of igneous material of different character and texture. The 
younger sedimentary rocks were folded and compressed and welded 
with the older series of the same kind, while intrusive masses were 
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ai^HKGai m them far below the surface, and volcanoes with thousands 
Hiif iwc 4^Liras and ash masses were built up on the surface along what 
the foothills of the range. The diabases and the porphyrites 
zo this volcanic period, partly as surface flows and dikes, partly 
de«f»-$«ated intrusive masses, consolidated as coarser granular rocks 

yeiow the surface. 
Fmally, as the last and farthest-reaching phase of that i)eriod of 
activity, came the intrusion of the large granodiorite masses in 

then deep-seated part of the range. This took place on so gigantic 
that the mind strives with difficulty to comprehend the mechan- 
ics of the process. Thus, the granodiorites of Nevada City and Grass 
Valley are the most recent rocks of the bed-rock series. Finally, after 
the intrusions of the granodiorite, dynamic forces, acting on the mass 
with different intensity and in different directions, produced fissure 
systems in which auriferous solutions ascended and dex)Osited their 
contents. This forming of the mineral veins was the last phase of the 
Mesozoie revolution in the Sierra. 

By no means all of the rocks of the district are now in the same con- 
dition in which they were formed. Successive dynamic forces have 
acted on many of them, producing deformation and schistose structure. 
Chemical forces have acted on them in at least three distinct ways, 
changing their mineral constituents until their original form is some- 
times scarcely or not at all recognizable — first, as a result and concom- 
itant of dynamic metamorphism ; second, by the heat and mineralizing 
exhalations of the intrusive granodiorite; third, by the action of the 
hot auriferous solutions on the rocks adjoining the fissures through 
which they circulated. Often several or all of these effects have been 
combineil in one locality, rendering very difficult the task of unravel- 
ing the changes through which the rock has passed. In the region 
covered by the Smartsville sheet, in which the larger part of the area 
descril>ed in this folio is located, there has been less of that intense 
d^-namic action producing slaty and schistose structure by compression 
than in S4»nie parts of the Gold Belt farther south. One line along 
which the rocks have been crushed and rendered schistose extends in 
a northerly direction through nearly the whole region, and passes some 
distance beyond the western boundary of the (hass Valley tract. As 
in certain localities along that line the granodiorite has been rendered 
schistose, it follows that this line of disturbance was produced later 
than the intrusion of granodiorite. Another line of schistose structure 
in the Calaveras formation follows the granodiorite contact south and 
west of Nevada City. But most of the rocks in the area of the si)ecial 
maps are of massive character. 

THE SUPERJACENT SERIES. 

At the beginning of the Neocene period the Sierra Nevada formed a 
mountain range of substantially the same outlines as that of today. 
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but of much less height, the surumits — located along the same line as 
the present ones — having an elevation probably of about 5,000 feet, in 
latitude 38o to 39o. The range had been above water sin(te the end of 
the Juratrias period, and in its lower part long-continued erosion had 
reduced it to a hilly, undulating country, frequently broken by high 
ridges and isolated peaks. A drainage system somewhat similar to the 
one of the present day had been developed, and auriferous gravels 
accumulated along the streams from the di^bris of the numerous quartz 
veins. The stream receiving the drainage of Grass Valley and Nevada 
City corresponded closely to the Yuba River, but also embraced the 
watershed of the upper Bear River. Its southern branch came down 
from Dutch Flat and You Bet with a northerly direction, crossing Deer 
Creek at Scotts Flat and the South Yuba at Blue Tent; then turned 
westward and flowed down to the Great Valley by Badger Hill, North 
San Juan, French Corral, and Smartsville. During the latter part of 
the Neocene period volcanic eruptions began near the summit of the 
Sierra Nevada, and masses of volcanic material began to pour down 
the river channels. The first material erupted was the light-colored, 
siliceous. rock called rhyolite, which was of comparatively small vol- 
ume, confining itself as a rule to the river channels. The larger (juan- 
tity of the eruptives poured out as volcanic muds, which easily found 
their way down to the foot of the range. On the lower slojies they 
became mixed with more or less gravel and sand, and their erup- 
tive character is now less apparent. Very heavy flows of this kind 
found their way down the old South Fork of the Yuba, and part of 
them flooded a low divide and tilled the Nevada City basin. After a 
short interval, during which considerable erosion took pla(;e, the 
so-called '^cement channels'^ or ^'channels of the volcanic period'' were 
formed in certain parts of the Sierra, wherever erosion cut througli the 
rhyolitic flows. No such channels have been found in the district here 
described. Then the period of andesitic eruptions began, and mud 
flows again poured down from the vents near the divide, at first as 
dark-colored, fine tutt's and sands, later as a gray or brown tufl'aceous 
breccia, containing, in the foothills as well as in the high range, larger, 
more or less angular bowlders of the dark-colored porphyritic rock 
called andesite. These last flows, coming down in rapid succession, 
flooded everything and covered up the middle slopes to such an extent 
that only isolated ridges and peaks protruded above them. The whole 
area here considered was thus once a gently sloping lava field, above 
which only Banner and Osborne hills protruded. The last of the 
andesitic flows is supjwsed to mark the close of the Neocene period. 
During the volcanic epoch the Sierra Nevada was subjected to a tilting 
uplift, which at the summit probably amounted to several thousand 
feet, and the streams at once began the work of cutting into this deso- 
late lava plateau. The directions they took were more generally trans- 
verse than formerly. Their similarity to the old drainage was caused 
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by liigher protruding ridges of bed rock, which in many places con- 
fined the new jriver to the old valley. This work of canyon cutting has 
been continued with ceaseless energy until the present time. Not only 
has much of the enormous lava masses been washed away, but, owing 
to the uplift, the rivers have cut down far below the old Neocene bed- 
rock surface and created the characteristic features of the Sierra 
Nevada of to-day. These are deep, abrupt canyons separated by broad 
or narrow ridges of more gently undulating surface. 

In the district described in this folio the sloping ridges — Harmony 
Eidge and the Banner Hill-Towntalk Ridge^ — are the only remnants of 
the lava sheet which once covered nearly the whole region, while the 
present watercourses, here wholly unlike their Neocene predecessors, 
are sunk several hundred feet below the Neocene surface. Between 
the close of the andesitic eruptions and the present day occurred the 
extensive glaciation of the High Sierra, but the glaciers terminated 
about 30 miles above Nevada City ; and it may be stated with certainty 
that neither in the Neocene nor in the Pleistocene period have any ice 
streams extended as far down as the latter place. 



CHAPTER III. 

THE IGKEOUS ROCK8 OF THE BED-ROCK SERIES. 

GRANODIORITB. 
DEFINITION OF ROCK. 



Under the name granodiorite are included coarsely granular rocks, 
intruded and consolidated at considerable depths below the surface, 
having a normal granitic (en-granitic) structure, and a mineralogical 
comi>osition of quartz, soda-lime feldspars, orthoclase, hornblende, and 
nearly always biotite. Titanite and magnetite are always present as 
accessory constituents. This rock, which in the Sierra Nevada occurs 
in enormous areas, forms an intermediate group between the quartz- 
micadiorites and the granites, being, however, more closely allied 
to the quartz-mica diorite than to the granite. Comparison of numerous 
analyses from various parts of the Sierra Nevada shows that the chem- 
ical composition varies between that of a quartz-micadiorite and a 
quartz-monzonite (adamellite, banatite, Brogger). Its geological occur- 
rence and in general entirely similar habit preclude the possibility of 
dividing it into subgroups. 

The rock is very characteristic and can not easily be mistaken. The 
feldspars are generally white; the quartz is not very conspicuous and 
does not occur in large grains, as in some granites of the high Sierra; 
the hornblende is dark-green, often in long, rough prisms; the biotite 
is of the usual dark-brown color. The general effect is a light-grayish 
color. 

LimiU of variation and average composition of granodiorite. 




Limits of 
▼ariation. 



Percent, 
59 to68i 

14 to 17 
lito 2i 
Uto 4i 
3 to 6i 
1 toa2i 



KiO ; hi to 3i 



Na^O 

Remainder 



2ito 4i 



Average 
composition. 



Per cent 
65 

16 

1.50 
3 
5 
2 

2.25 
3.50 
1.75 



100 



a Three and one-half, one analysis. 

b Certain masses in the foothills go below 1 per cent. 
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NEVADA CITY AREA. 

Extent and character o/ «m r/act.— The Nevada City granodiorite area 
forms the southern end of a great massif extending northward far up 
in Butte County. It is generally sharply defined in this region, but in 
its northern part more basic diorites and gabbros are intimately con- 
nected with it by transition. 

The rock occupies a large part of the area covered by the Banner 
Hill and Nevada City sheets. It forms a series of rounded, compara- 
tively gently sloping hills with elevaticms gradually increasing eastward. 
Deer Creek crosses the area in a canyon which, south of Willow Valley, 
near the contact with the sedimentary area, has precipitous and narrow 
slopes and is over 700 feet deep. In the western course it has more 
gently sloping sides, the inclination rarely exceeding 12^; a steeper 
slope is, however, usually noted immediately at the creek, in places 
forming almost a ''canyon within a valley." Little Deer Creek cuts a 
smaller canyon in the granodiorite farther south. 

From Nevada City to the i^rovidencc mine the canyon, cut in less 
disintegrated rock than farther east, is narrow and rocky. The western 
and southern part of the area is rather gently hilly and undulating, but 
is cut near Deer Creek by steep ravines. 

MacroHcopical description, — The normal granodiorite is a fresh, coarsely 
granular rock of light-grayish color, composed of dark-green horn- 
blende, dark-brown biotite, colorless quartz, and white or slightly 
3'ellowish feldspar. The grains average about 2 or 3 mm. in diameter. 
The hornblende is relatively more abundant than the biotite; both of 
them sometimes occur in idiomorphic form, the hornblende as thick 
prisms up to 10 mm. in length, the mica as hexagonal foils up to 3 or 4 mm. 
in diameter. Small grains of yellow titanite are sometimes noticeable. 
Pyrite is, cm the whole, rare, and occurs only in small grains connected 
with the hornblende. Copper pyrites have also been noticed in the horn- 
blende, but pyrrhotite does not seem to occur. Near the contacts the 
hornblende sometimes, though by no means always, increases, giving 
the rock a more basic aspect. Such is the rock along the contact from 
Deer Creek northward, and also in the vicinity of the North Banner 
mine, where it should more properly be called a diorite. The dark spots 
so frequently seen in granitic rocks abound in certain parts of the area, 
and are composed principally of feldspar and hornblende; they often 
show tissures and breaks filled with granodiorite. On the whole, the 
granodiorite shows but slight variation in the different parts of the 
area. The outcrops of the less decomposed rock are smooth and 
rounded. 

Microscopical description, — In thin sections the fresh, unaltered char- 
acter of the rock, compared with others of the district, is very striking. 
The character is comparatively uniform. The mica is normal, dark- 
brown biotite, with small though distinct angle between the optical 
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axes; the color is a clear yellowish-brown, without any sliade of red. 
It is sometimes idiomorphic. Local alteration has in phices converted 
some of it to chlorite or muscovite, both appearing as inserted parallel 
plates. Small fragments of a doubtful mineral are in one slide inter- 
grown with the biotite, showing blue and yellow pleochroism and an 
extinction of about 45°. The hornblende is green or brownish- green 
and compact, sometimes roughly idiomorphic and with a maximum 
extinction of 18^ to 20°; occasionally a little chlorite and epidote 
accompanies it. Tlie hornblende sometimes incloses foils of biotite, 
but is also occasionally surrounded by biotite. In one specimen 300 
feet from the contact in Deer Creek the hornblende shows sharply 
defined kernels of augite. 

The predominating feldspar is plagioclase, forming usually roughly 
idiomorphic prisms with strong twin-striation and comparatively low 
symmetrical extinction, hardly ever above 20^. A zonal structure 
is not common. A micaceous mineral occurs in some as products of 
incipient decomposition. 

The ortlioclase is less abundant and occurs as irregular grains; it 
sometimes contains a slight microperthitic intergrowth of albite; rarely 
some grains show a very fine and indistinct striation, suggesting the 
presence of anorthoclase. Mitjrocline does not appear to be present. 
The quartz forms irregular grains ; undulous extinction is seldom notice- 
able, nor is there on the whole much evidence of strong dynamic action 
on the rock. 

Of accessory minerals, magnetite in irregular, often rounded grains 
is always present and mostly contained in the hornblende or in the 
biotite. Iron pyrite is sometimes seen; it is never beyond doubt pri- 
mary, but always appears associated with the decomposition products 
of the hornblende. Titanite is quite common, as well as apatite and 
zircon. The structure is characteristically hypidiomorphic; the mica 
and hornblende are sometimes, the plagioclase nearly always, partly 
idiomorphic; these minerals are cemented, so to speak, by a later con- 
solidated mass of orthoclase and quartz. This structure is always 
characteristic of the granodiorite. Small crystals of plagioclase are 
occasionally embedded in the mica or in the hornblende. In some 
specimens a very fine grained micro-pegmatitic intergrowth of quartz 
and plagioclase is noted as a rim surrounding the end of some of the 
feldspar crystals. 

An important characteristic of the granodiorite is its fresh charac- 
ter, owing to an absence of dynamical and chemical alteration. 

The dark si>ots occurring so frequently, for instance at the quarry at 
the west edge of the Banner Hill sheet, consist mainly of hornblende 
(with a little mica) and idiomorphic plagioclase, between the prisms of 
which lies a little quartz. They also contain much magnetite, and a 
grain of probably primary pyrite was once noted. 
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Chemical cbmposition. — A fresh specimen taken near Shurtleflfs barn, 
about 1 mile southeast from Nevada City, analyzed by Dr. W. F. Hille- 
brand, gave the following result: 

Analysis of tjranotliorite from near Nevada City. 



Per rent. 



SiO: 6«>. «5 

TiO, i .38 

Al^On 1<>. 15 

FejO, ; 1.52 

FeO 2.36 

MnO i .10 

CaO I 4.53 

SrO ' Trace. 

BaO .07 

Mg<) 1.74 

K/> \ 2.65 

Na.O ' 3.40 

Li,0 Trac«'. 



ir>0 below 110 
H,0 above 110 

PA. 

FeS: 



.18 
.72 
.10 
.02 

100.57 



The analysis is typical of the granodiorite. The relatively low per- 
centage of MgO (FeO, FczOa) and CaO is characteristic, as is the fact 
that the sum of the alkalis exceeds considerably the lime. The TiOa 
is present chiefly as titanite. In view of the fact that the exact com- 
position of the hornblende and mica is unknown, there are not sufficient 
data for the calculation of the constituents of the rock. The rock con- 
tains in estimate : 



K AlSiaO, 

NaAlSijO^ 

Ca Al, SijOh 

Hornblende and biotite 

Quartz . 

Apatite •. . . 

Magnetite 

Titanite 



iVr riMit 


15 




29 




15 




16 




22 




• 


24 


1. 


50 


1 





99.75 
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The plagioclase is consequently an oligoclase. It should be remarked 
that the relation between the potassa and the soda is by no means con- 
stant. In a specimen from the same area, taken where the Purdons 
Bridge road crosses Rock Creek, 4 miles north of Nevada City, a partial 
analysis by W. H. Melville gave 0.89 per cent K2O and 4.25 per cent 
Na.O. 

WeatJierifu/. — Except along the bottom of the deeper creeks, the 
granodiorite is very soft and decomposed; in places the decomposition 
reaches a depth of 200 feet. Especially is this the case in the eastern 
part of the area, which is covered by a deep dark-red soil in which few 
remaining harder bowlders lie scattered. This is a true residual soil, 
derived from decomposition in place, and reaches its greatest depth 
on the northern slope of the ridges. Beautiful exposures of this decom- 
position are seen in the hydraulic pits southeast of Canada Hill. The 
decomposition of the granodiorite seems to have at least two distinct 
stages. The first consists in loosening the grains to a soft crumbling 
aggregate. This loosening seems to be due mainly to the decomposi- 
tion of the feldspar grains. The biotite and hornblende are not much 
altered. Such is the condition of the rock in the lower foothills. The 
second stage consists in the complete decomposition of the hornblende 
and biotite as well as the feldspar. Next to the quartz, the biotite is 
the most resistant mineral. The ferrous oxides are completely con- 
verted into ferric, and the result is a soft, clayey, deep-red material. 

In the western part of the area most of the residual soil covering the 
ground has been swept away; coarse, crumbling, and yellowish rock 
very frequently comes to the surface, and harder masses frequently 
show their light-gray, round outcrops through the more decomposed 
surrounding rock. This peculiar manner of decomxK)sition is well 
shown in several places. The harder masses are often surrounded 
by concentric softer shells, as seen near the railroad station at Nevada 
City. Excellent exposures of very hard, rounded outcrops in predomi- 
nantly soft rock are seen on the bed rock of the hydraulic diggings 
half a mile northwest of Nevada City, and similar sharply defined 
hard masses, usually called "bowlders," are often found in driving tun- 
nels through the soft decomposed granodiorite to reach the Tertiary 
channels. 

Relation to surrounding rocks. — The granodiorite is the youngest 
member of the fundamental series, little affected by mechanical and 
chemical changes. It was evidently intruded far below the surface as 
immense masses or batholites of molten magma, which slowly consoli- 
dated and which a long-continued erosion finally exposed. The rocks 
near the contacts, chiefly the sedimentary rocks, show a most decided 
and characteristic contact metamorphism, produced by the heat and 
emanations of the eruption. The contacts are not generally well 
exposed, on account of the surface decomposition; good exiK)sures are, 
however, found on both sides of the massif in Deer Creek. 
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EHkes of grauodiorite occur sparingly in the adjoining sedimentary 
r».<ik<. One, about IH) fe4*t wide, was noted in the bed of Deer Creek, 80 
'jtt:Ji^ju^i of the contact; this rock is a normal fi:ranod!orite, containing 
^^ra^ricents of the sedimentary metamorphic rocks through which it 
CiVi^iks out. In the Federal I^)an mine, dikes of dark diorite, with large 
l^jmbleude crystals, break through the sedimentary rocks; these dio- 
nxc^ which contain some pyrite and pyrrhotite, are probably genetic^ 
ally connected with the granodiorite. At the ditch 400 feet above and 
floatheast of the mine the granoilioriU*^ sends imt dikes or apophyses 
of somewhat darker dioritic character. A great number of dikes or 
smaller intrusive masses are noti'd above the North Hanner mine at 
the head of Little Deer Creek; these consist of usually rather dark 
granodiorite or (quartz-mica diorite. 

A small, apparently intrusive mass on the Scotts Flat road at the 
divide north of the Federal I^an, and the small dike nearest to the 
head of Little Deer Creek, have been indicated as diorite on the map. 
They present, however, some ]>eculiar features, and show great simi- 
larity with a rock collected at the extreme edge of the Banner Hill 
tract, on the road east southeast of Banner Hill. It is believed that 
these rocks should rather be referred to the later series of diabases 
and porphyrites, which frecjuently carry hornblende. 

An excellent instance of a small branching dike of granodiorite is 
seen on the south bank of Deer Creek below the Providence mill; 
other dikes occur along the road, just south of the same mill and on the 
south bank of Deer Creek 400 feet west of it. Intrusive masses of gran- 
odiorite in altered diabase are also seen in the Providence mine on the 
sixth level, on the contact vein, and on the third level of the Nevada 
City mine in the seci)nd crosscut in the foot wall south from the new 
shaft. 

Dioritic fades, — In the vicinity of the North Banner mine the grano- 
diorite becomes more basic and similar to a diorite. At the contact a 
few hundred feet southwest of the mine it also assumes a finer grain. 
The small area northeast of the mine inclosed between the andesitic 
brewia and the sedimentary rocks is a rather dark quartz-inicardiorite. 
In the area west of the mine, separated from the form(M- by a projecting 
tongue of slate, the rock is more clearly dioritic and consists of plagio- 
clase and brownish -green hornblende, one of the latter showing a 
kernel of augite. A little quartz separates the lath-shaped feldspar 
crj'stals. 

Diorite and granodiorite northtcent of the Nevada City mine. — Near 
the contacts the granodiorite has sometimes, as noted, a tendency 
toward more basic development, but no extensive change of this kind 
occurs until beyond the Nevada City mine. From Birchville, 6 miles to 
the northwest, to the Nevada City mine the granodiorite is adjoined by 
an area of diorite, with associated gabbros and pyroxenites. At the 
excellent exposures in Shady Creek, about 2J miles east-northeast of 
French Corral, the contact between diorite and granodiorite is clear and 
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sharp, the latter being youuger and intrusive into the former. Again, 
in the canyon of the South Yuba the contact between the two forma 
tions is sharp, though it appears to be a fault plane dipping east; but 
from the river to the Nevada City mine the relations are doubtful. 
Along a line running due northwest from the mine the granodiorite 
becomes darker, and changes imperceptibly into dark diorite and 
gabbro, replaced by pyroxenite at the edge of the Nevada City 
tract. Thus there is along this line no distinct contact line to be 
drawn between the granodiorite on one hand and the diorite-gabbro- 
pyroxenite complex on the other. This is puzzling, for all the other 
evidence is in favor of the latter being distinctly older than the grano- 
diorites; besides, it contains dikes of the diabase-porphyrite series, 
which, on the other hand, is distinctly older than the gTanodiorite. 
There may, after all, be a contact, although the similarity of the forma- 
tions and the decomposition of the surface prevent its being notic/ed. 

The diorite dikes near Indian Flat,— in the belt of the schistose 
greenstones from 1,00() to 2,000 feet west of the granodiorite contact 
there are two long-drawn bodies of diorite which appear to be intru- 
sive masses; they probably are connected with the granodiorite in 
origin, and form a facies or product of differentiation of that magma. 
The rock is dark and coarse, and composed of dark-green uralitic- 
appearing hornblende and white or greenish feldspar. In thin section 
large grains of green hornblende and partly idiomorphic plagioclase 
form the chief constituents. There is much apatite and ilmenite. 
Some of the hornblende may have been derived from a primary pyrox- 
ene, but of this there is no direct proof. A little secondary biotite is 
noticed in the hornblende. 

GRASS VALLEY AREA. 

Extent and character of surface. — The granodiorite of Grass Valley 
forms an elongated area much smaller than that of Nevada City, and 
extending along Wolf Creek for 5 miles south of Grass Valley. Its 
width varies from less than half a mile up to nearly 2 miles. A series 
of rounded hills marks the area on both sides of the more abrupt canyon 
of Wolf Creek. Compared with the great mass of Osborne Hill, the 
area marks a depression of old Tertiary date, produced by the more 
easily disintegrating (character of the rock. 

RocJc description. — The Grass Valley granodiorite differs somewhat in 
appearance from that of Nevada City. It is a greenish-gray, medium- 
grained rock, consisting of two kinds of feldspar — pale-red and green- 
ish — black hornblende, and quartz. Only exceptionally, as at the 
Scotia shaft, does biotite enter into the composition. Small grains of 
pyrite are not uncommon. The type is practically constant over the 
whole area. 

Under the micro8Coi>e the plagioclase is rather predominant, usually 
partly idiomorphic, and often tilled with micaceous minerals. The 
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ortboclase hardly ever shows crystal outlines, and is generally fresher 
than the plagioclase. The quartz is sometimes intergrown with the 
orthoclase iu micropegmatitic structure. Microperthite is also noted, 
and occasionally a very finely striated feldspar associated with the 
orthoclase, possibly anorthoclase. The hornblende is the ordinary 
granitic variety with brownish-green color, frequently converted into 
chlorite and epidote. Accessories are magnetite, titanite, zircon, and 
apatite. The first mentioned mineral is probably somewhat titanifer- 
ous, for leucoxene (titanite) has been observed to form from it. Small 
grains and crystals of pyrite frequently occur, but are probably all sec- 
ondary. They are closely associated with the hornblende and some- 
times surrounded by a chlorite rim. 

The structure is typically hypidiomorphic, imperfect prisms of 
plagioclase and hornblende being partly embedded in orthoclase and 
much quartz. 

The rock on the whole is somewhat less fresh than the granodiorite 
of Nevada City. Darker dioritic modifications of the rock are rare, but 
were noted in the branch of the area found IJ miles west of Grass 
Valley. 

Composition. — The analysis by Dr. W. F. Hillebraud of an apparently 
fresh specimen from Kate Hayes Hill, near the Hecla shaft, gave: 

Anaty^iis of Grass Valley diorite. 



IVr rent. 



SiO: 63.85 

TiO: 58 

AI2O1 15.84 

FeaO:! 1.91 

FeO 2.75 

MnO .07 

CaO 4.76 

SrO Trace. 

BaO 06 

MgO 2.07 

K2O 3.08 

Na^O 3.29 

LijO Trace. 



H.2O below 110° C 
II.O above 110^ C 

FeS. 

P2O6 



.28 

1.65 

.04 

.13 



Total 100.36 
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The comparatively simple composition renders a calcalation of this 
analysis possible, under the well-founded supposition that the horn- 
blende is of the ordinary aluminous character. 



Per cent. 



SiO,- 

A1,0, 
K2O. 



11.6 
3.3 
3.1 



KaAISiaO, 



18 



SiO,.. 
Al,0.. 
Na,0 



19.2 
5.5 
3.3 



NaAlSi30H(a) 



khO, 
CaO. 



5.3 
4.4 
2.4 



28 



CaAlaSiiO« (6) 



SiOa.. 

FeO.. 

Ffr.0:, 

Al,On. 
MgO. 
CaO.. 



6.7 

3.2 

2.6 
2.1 
2 



12.1 



Hornblende 

Quartz 

Magnetite (estunated ) 

Titanito 

Apatite 



Total 



16.6 

20.8 

1.5 

1.4 

.3 

98.7 



a and b — AbxAug, 40.1 per cent. 

The hornblende would then have the following approximate compo- 
sition : 



SiOg.. 

A1203. 

FfriOn 

FeO.. 



CaO 
MgO 



Total 



1 


•«r wnt. 




40.3 




15.7 


» 


19.3 




12.1 


1 


12.6 


1 


100 
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Tlie plagioclaso bjis the composition of an oligoelase, which corre- 
8i>on(ls with the microscopic investigation. 

It is evident tliat there is considerable variation in the alkahs, for a 
partial analysis of the rock from Allison's ranch, rather rich in horn- 
blende, by W. H. Melville, gave G.IG i)er cent ( ^lO, 0.5:^ K2O, :5.74 Xa-iO, 
probably cones jK)nd in g to '^0 per cent Ah, 15 per cent An, and 3 per 
cent Or, or a normal qnartz diorite. 

Weatheritt{f. — Though similar to the Nevada City ro(jk in composition 
and grain, it develops a considera])ly greater resistance to weathering. 
It forms lightcoloretl, rounded out(*rops, but less characteristic than 
those of Nevada City: nor does the disintegration extend down so deep 
by far as in the Nevada City area. The extreme result of weather- 
ing is a deep red clayey soil, a few feet deep. 

Rdntion to Hurrounding rocJcM. — While the granodiorite is singularly 
free from dikes and intrusive masses, dikes of it occur in the surround- 
ing rocks, showing its more recent age. The contticts jire satisfactory 
only at isolated places, on account of extensive weathering, but when- 
ever well exi)Osed are sharp and distinct. On the north the granodio- 
rite borders against the sedimentary rocks with distinct, though not 
wide, contact-metamorphic zone. A dike-like mass of granodiorite with 
nnsatisfa4'tory exposures is contained in the sedimentary series one- 
balf mile west of the railroad station. The contact with the siliceous 
chert in the southwest part of the area is very poorly exposed, but 
does not give the impression of very intense contact metamorphism. 

The diabase and x>orphyrite near the contact are not appreciably 
altered by the granodiorite, as fresh diabase occurs close up to or imme- 
diately at the contact. Dikes of granodiorite in the latter rock were 
noted at the old Peabody shaft, in Wolf Creek, a little above the 
Granite Hill mine, in the tunnel 8(M) feet south of Central North Star 
shaft, in an outcrop in the swampy meadow 2,30<) feet south of North 
Star shaft, and less well exposed at several points along the contact 
8<mth of the W. Y. O. D. mine. 

APLITE. 

Definition. — Aplite is here used to designate granular to fine-granolar 
acid rocks, chiefly consisting of alkali feldspar and quartz, and usually 
Oiicurring as dikes or dike-like masses in or near the larger bodies of 
granitic rocks. 

Occurrences and description. — A small, 10-inch- wide vein of coarse 
pegmatite crops out along the road 200 feet north of the Mountaineer 
mine. On the Excelsior ditch, about 1 mile above Jones Bar and about 
4 miles from Nevada City, there is, in granodiorite, a dike 3 to 4 feet 
wide,of a medium-grained white or yeHowish rock, consisting of feldspar 
and quartz, with a very little brown mica. This rock (220 N. C.) con- 
tains 1.06 per cent CaO, 5.57 KjO, and 3.43 NaiO, according to a partial 
analysis by Mr. Ge<irge Steiger, and is thus a granitic dike rock with 
pre<lominating alkali feldspars. 
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In the northwestern part of the Nev^a City tract there is, in diorite, 
a large mass of this rock running out in numerous branching dikes. 
These little dikes^ intruded in the dark amphibolitic rock, are well 
exposed where Rock Creek crosses the eastern limit of the ai)lite. The 
rock is almost white, medium-grained, of a sugary texture, and con- 
tains only a few small grains of biotite or hornblende. At the southern 
end of the area it has a somewhat schistose or pressed appearance. The 
rocks of this area have been subjected to dynamic action, possibly a 
direct result of the strains duriug the formation of the vein fissures, 
and though schistose structure is not always visible, the microscope 
reveals its crushed condition. It is essentially a nearly allotriomorphic 
interlaced, granular aggregate of quartz and feldspar, except for a few 
scattered foils of bro\yu mica and grains of epidote. The quartz grains 
are usually crushed and pressed out to long-drawn aggregates; the 
feldspar grains show this to a smaller extent. Between the larger 
feldspar grains there are many small ones, occasionally with micropeg- 
matitic structure, and sometimes giving the impression of having been 
produced by peripheral crushing. Microperthitic intergrowths are 
extremely common; there is also some microcline. A few of the grains 
show distinct twin lamellae, but some grains otherwise resembling ortho- 
clase have an extremely fine and hardly visible striation in one direc- 
tion and may be anorthoclase. A partial analysis of No. 150 N. C. by 
Mr. H. W. Stokes gave 77.05 per cent SiOj, 0.73 CaO, 5.06 K^O, and 4- 
3.43 Na^O. The close agreement with the rock from Excelsior ditch 
should be noted. The aplite dike, 200 feet above the Champion mill, is 
very similar to the rock just described, though not quite so much pressed. 

GRANITE-PORPHYRY.' 

Definition. — The granite- porphyries are liolocrystalline, porphyritit; 
dike rocks, rich in free silica and characterized by the prevalence of 
alkali feldspars. 

Occurrence and description. — Certain rocks occurring as dikes in the 
diabase near the granodiorite contact, chiefly in the vicinity of the 
Omaha mine. Grass Valley tract, belong to this group. The sometimes 
very fine grained groundmass caused them to be laid down on the map 
as quartz- porphyries; but as they are true dike rocks, closely connected 
with granitic intrusions, the name "granite-porphyry" is more appro- 
priate. These rocks differ only structurally from the aplites. 

The granite-pori>hyrie8 are chiefly yellowish-gray or gray, fine-grained 
or flinty rocks, indistinctly i)orphyritic by small feldspar or quartz 
crystals ranging up to 3 mm. in size. Small foils of biotite are some- 
times present. 

Microscopically, several types are present. No. 113 G. V., from the 
principal area, contains idiomorphic, short and thick feldspar crystals, 
at least half of them with twin striation. Phenocrysts of clear quartz 

' Qiiart7,-iK>rp1iyry on maii. 
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with corroded outlines are present. White mica and some epidote has 
formed in the feldspars. The biotite foils are converted into epidote- 
ohlorite aggregates. 

The grouudmass is microcrystalline, of interlocking grains of qnartz 
and unstriated feldspar; also some with twin striation. In places the 
groundmass shows micropegmatitic intergrowth, approaching spheru- 
litic forms. Small foils of biotite occur in the groundmass. 

A partial analysis by Mr. George Steiger gave — 




or practically equal quantities of Or and Ab. 

Another rock from a smaller dike (109 G.V.) is yellowish-gray, fine- 
grained, but not flinty. Under the microscope it is a spherulitic aggre- 
gate of feldspar and quartz, the spherulites ranging from an intimate 
micropegmatitic intergrowth to typical radial aggregates, showing the 
black cross between crossed nicols. The groundmass between the 
spherulites is fine-grained, allotriomorphic, partly also micropegmatitic. 

A partial analysis by Mr. George Steiger gave — 



Per cent. 



CaO 

K3O.. 

Xa,0 



0.60 
4.21 
3.20 



showing this rock to be practically identical with the one first described. 
SiOj was not determined, but the rock is very acid. 

A third type, a dike in diabase from the fourteenth level of the Omaha 
mine, near the shaft, is grayish, flinty, and shows small feldspar crystals. 
Under the microscope the feldspar phenocrysts are very much filled 
with micaceous aggregates, clouding them completely. The ground- 
mass is a clear allotriomorphic aggregate of quartz and unstriated 
feldspar, easily resolved by objective No. 7 (Hartnack). 

Similar rocks are also found in the diabase near the contact in the 
W. Y. O. D. mine. White dikes, either quartz-porphyries or aplites, are 
those on Little Wolf Creek, 660 feet south-southeast of the Golden 
Treasure shaft and in the new Peabody shaft. Both of these contain 
abundant pyrite, possibly introduced by the vein solutions. 
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DIORITE-PORPHYRITE. 

Occurrences and description. — ^The graiiodiorite being the latest prin- 
cipal member of the fundamental series, very few dikes of any kind 
are found in it. The aplites have already been mentioned, and the 
granite-porphyries in all probability are also later, though not found 
in the granodiorite. In three places basic dark- green i>orphyritic rocks 
have also been found as dikes in granodiorite. There may be more 
occurrences of the same rock as dikes in other parts of the funda- 
mental series, but if not prominent they would easily be overlooked, as 
they present great similarity to the ordinary hornblende-porphyrites. 

The best exposure, to which Mr. George A. Treadwell called my 
attention, is in the canyon of the South Yuba Eiver, 800 feet below the 
Excelsior dam, about northwest of Nevada City and 2 miles outside 
of the special sheets. At this place there are two dikes 16 inches wide 
in the normal granodiorite, only a few feet apart; both dip 30° W., 
and many fissures and joints with the same dip are seen in the vicinity. 
The rock is dark-green and dense, with many small feldspar crystals 
and abundant acicular black hornblende. In thin section the rock is 
seen to be holocrystalline porphyritic; the larger feldspar crystals are 
not over 1 mm. long, while the needle-shaped hornblende may reach 
2 or 3 mm. The former are sharply idiomorphic and show twin stria- 
tion; the latter pale greenish-brown in color and with normal extinction. 
The groundmass is composed of microlites and grains of the same horn- 
blende, and apparently also the same plagioclase, as there are all 
transitions between the phenocrysts and the microlites in the ground- 
mass. Magnetite is rather abundant. According to a determination 
by Mr. George Steiger, the rock contains 60.85 per cent Si02. The rock 
shows plainly the character of the lamprophyric dike rocks, and is 
closely related to the camptonites, though not so basic. Such dike 
rocks have been found, though not abundantly, in various parts of the 
Sierra Nevada, and are apparently always later than the granodiorite.^ 
They often appear parallel to the gold-quartz veins, and have evidently 
been injected a short time previous to the formation of the latter. Two 
localities have been found in the Banner Hill tract, but in both cases 
the rocks are so altered as to be scarcely recognizable. The first is a 
dark grayish-green rock found on the dump of the Independence shaft 
(Murchie mine), and is said to have come from a dike running parallel 
to the vein, which dips W. 36^. In thin section it is seen to be a very 
much altered porphyritic rock, with long, slender hornblende needles, 
now entirely converted to calcite. The second occurrence forms a 3-foot- 
wide dike in the Alpine tunnel, forming the hanging of the St. Louis 
vein. The rock has much the same extremely decomposed appearance 
as that from tbe former locality, and shows small hornblende prisms in 
a groundmass of fine felted mixture of feldspar microlites and acicular 
hornblende. 



1 Compare The gold-silver veins of Ophir, Cal. : Fourteenth Ann. Kept. U. S. Geol. Survey, p. 262. 
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THE DIORITE-GABBRO-PERIDOTITE GROUP. 

Tliv rocks uf tbis series, embniciiig dinritt*, giibbro, bornbleiide rock, 
p.vroxenite, peridotite, and serpentine, form a series so intimately e<>n- 
iiected by trausitioits that there cau be no doubt of its close geuetic 
relationship; nor is it iiossible to strictly sejiarate the rocks in the 
description. 

I>KFINlTHi.NS. 

Under dinriten are here included the coarse-granular, abyssal rocks 
vith normal granitic structure, conii>ose(I cliieHy of soda-lime feldspars 
of medium acidity and liornbletide; biotite or pyroxene may some- 
times replace the hornblende. The gntnodiorites, an intermediate 
group ranging from quartz-diorite to ([iiartK-monzonitc (Bnigger), have 
already been separated. With the granodiorite has been included 
several siualler masses and dikes, which jtrobably are only local pro- 
ducts of differentiation of the granodiorite magma. The diorites have 
a silica percentage varying between 51 ]>er cent and '>S per cent. The 
lime is considerably in excess of the sum of the alkalis, the reverse 
being true of the grauodiorites. A considerable percentage of ferro- 
magnesiau silicates is usually present. 

The gabbron, as here defined, include similar rocks with basic feld- 
spars (labradorite or anorthite); the I'erroniugnesian silicates may be 
either pyroxene, hornblende, or mica. 

The pyroxenites aie coarse-graimlar, veiy basic rocks of giunitic 
strncture comjwsed chietly of pyroxene, with very small amounts of 
feldspar. 

The j>eri(/o(((e(( are similar rocks ccmiposed of olivine and a pyroxene 
or au amphit>o)e. 

The »erpenlifufe are 8e<:ondary rocks, consisting chietly of serpentine, 
with minor quantities of residuary minerals or newly formed actinolite. 
They are evidently derived from gabbros, pyi-oxenites, and peridotites, 
chiefly from the latter two. It will be shown latter that they may 
also be derived from certain [wrphyrites. The action producing the 
serpentines is not weathering, but must be regarded as similar to the 
actions effecting metamorphic alterations. 

Aefernng to the ijmartsville fulio, it will be seen that a double wedge- 
shaped area, determined as gab brodio rite with masses of pyroxenite, 
peridotite, and serpentine, extends from Birchville to a point east of 
Grass Valley, adjoining the granodiorite and diabase on the east and 
the diabase and sedimentary rocks on the west. The name gabbru- 
dwrite was adopted as a convenient expression to include different 
rocks belonging to the diorite and the gabbro families. It would nu 
doabt have been better to designate this mixture of rocks gabbro and 
diorite. The area is one of great complexity, with gradual transitioiis 
between the gabbnis, diorites, an<l pyroxeuites, while the .serpentines 
are more sharply defined. In the nortiieni part of the large area great 
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complexity is added by the fact that the whole has been subjected to 
more or less intense dynamometamorphism. Several parts of this area 
fall within the space of the detailed sheets. 

THE ORG FINO DIGRITE-PYRGXENITE AREA. 

Reference has already been made to this area in the northwest part 
of the Nevada City tract while discussing its indistinct contact with 
the granodiorite. 

The southern part of the area, running out in the shape of a wedge, 
contains chiefly diorites of dark color and average granular texture, 
weathering less easily than the granodiorite, forming rougher outcrops 
and a scant, deep-red soil. 

Under the microscope the rocks are shown to be diorites with very 
little biotite and a little quartz, the latter often included in the horn- 
blende. There is very little pyrite in the rock. Near the Kirkham 
mine the diorite contains many small pegmatite veins. 

At the northwestern end of the big aplite dike the rock has changed 
to a dark-green, coarse-granular pyroxeuite, consisting chiefly of large 
irregular grains of a partly uralitized pyroxene (diallagef), with some 
grains of apparently primary greenish-brown hornblende with augite 
kernels. Between the pyroxene grains lie small grains of a feldspar, 
largely converted into micaceous aggregates. 

Small dikes of aplitic rocks are found in the pyroxenite. In other 
places close by (800 feet northwest of Coan's mine) there is a larger 
amount of anorthite with broad twin lamellae and appropriate extinc- 
tions; consequently the rock is here a gabbro. 

Still farther north, 2,400 feet north of Coan's mine, the coarse-grained, 
dark rock consists of partly uralitized augite, greenish-brown horn- 
blende, biotite, and triclinic feldspar, with a little quartz and probably 
also some orthoclase. There is also magnetite (ilmenite?) and much 
apatite. 

Still farther northwest, at the Oro Fino mine, dark, coarse-granular 
rocks api)ear which are intermediate between diorite and gabbro. The 
specimen, from the dump of the mine, is somewhat decomposed and 
afiected by pressure, many of the feldspar lamellsB being curved and 
bent. It consists of an apparently not very basic plagioclase, augite, 
and biotite; probably also some orthoclase and quartz. 

THE PLEASANT FLAT DIORITE AREA. 

Description of rock, — This area, extending on both sides of Deer 
Creek, at the western limit of the special map is predominantly com 
posed of a fairly normal diorite of coarse texture and dark-green color, 
containing a large amount of hornblende. Seen in thin section, the 
hornblende is brownish-green, partly anhedral, partly roughly prismatic; 
the feldspar is lath-shaped or anhedral with twin lamellae, the extinc- 
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tions of which indicate a medium basicity. A little quartz is sometimes 
found between the grains. The sericitic alteration has proceeded far, 
as a rule; much of the hornblende is also converted to uralite, chlorite, 
and epidote. On the whole, there is much more of these secondary min- 
erals than in the granodiorite. Grains of pyrite are scarce and usually 
associated with epidote ; in some cases they might possibly be primary. 
A partial analysis of a typical specimen, by Dr. Peter Fireman, gave: 



Per cent. 



SiO,. 
CaO. 
K2O. 
NaaO 



51.24 

7.97 

.93 

3.44 



Of the CaO, at least 2 per cent, probably 3 per cent, must be contained 
in the hornblende. (Compare calculation of Grass Valley granodiorite.) 
There would thus be not more than 30 per cent An and 27 per cent Ab, 
which shows that the feldspars are only of .medium basicity. 

Fades of the rock. — In many places the rock is subject to changes in 
grain and composition, some parts of it being richer in hornblende, 
while in some parts the feldspar acquires more prominence and some 
quartz begins to appear. At Carls tunnel, near the andesite contact, the 
rock on the dump exhibits a very coarse pegmatitic structure, and con- 
sists of uralite crystals several inches long in a white, partly saussuritic 
mass, with sp. gr. 2.98. To the northward, beyond the special maps, the 
rock gradually changes to a typical light-colored gabbro, and even in 
this area there is undoubtedly a certain relationship with the gabbro 
occasionally exhibited. 

Weathering. — Deep, rich, residual soil produced by weathering occurs 
south of Deer Creek, and especially near the andesite contact. On the 
north side the soil is less deep, but the rock is disintegrated and 
crumbling. 

Relation to surrounding rocks. — Toward the north and east the diorite 
is in contact with serpentine and peridotite, with a rather sharply 
defined contact. Tongues of seri)entine extend itito the diorite, as 
shown on the map. The area contains an extensive system of dikes 
of uralitediabase, which will be described later. 

THE FAIR-GROUND AREA OF DIORITE. 

Description. — This is really the continuation of the above-described 
area, emerging from below the southern edge of the covering andesitic 
tuflF. The character of the rock is also entirely similar, being a coarse, 
dark diorite. There is in some places also the same frequent and rapid 
change of grain and basicity. The rock is deeply decomposed on the 
hill northwest of the Fair-grounds. 



LiNDQRKN] DIORITE-GABBRQ-PERIDOTITE GROUP. 51 

Relation to other rocks. — Toward the northeast the contact with the 
dark-green porphyrites is in places very indefinite and not well exposed, 
much apparently brecciated material occurring along it. The coarse 
diorite contains fragments of darker greenstones of finer grain. Along 
the north side of the race-track there is a considerable amount of this 
mixed material. The contact with the serpentine is fairly sharp. 

DIORITE AREAS IN THE SERPENTINE. 

Smaller masses of diorite, irregular or lens-shaped, occur in the ser- 
pentine. The largest one, north of the Idaho mine, is substantially like 
the Fair-ground area, and contains besides some dikes of a hornblendic 
porphyrite. 

In the Indian Flat serpentine area irregular masses of diorite are 
frequent, and probably represent dioritic variations of the prevailing 
peridotite-pyroxenite magma. In the extension of the Idaho serpentine 
area northwest beyond the special sheets, on the Newtown road, smaller 
masses of dark- green, coarse-granular hornblende rockis found, evidently 
corresponding to the pyroxenites, and consisting almost exclusively of 
primary, deep brownish- green hornblende with strong pleochroism. No 
larger areas of this hornblende rock are found. It should not be con- 
founded with the amphibolites, which, as here defined, include only the 
dynamometamorphic rocks in which the hornblende is secondary. 

THE MOREHOUSE DIORITE DIKE. 

This dike-like body is contained in serpentine and gabbro half a mile 
west of the Maryland mine. It is a medium-grained, grayish-green rock, 
containing, besides feldspar and hornblende, much pyrrhotite in small 
grains. Under the microscope the rock consists of the usual dioritic 
hornblende in irregular grains, lath-like or irregular feldspar with nar- 
row striations, with smaller residual masses of orthoclase and quartz 
and a little magnetite. The structure is tyi)ically hypidiomorphic. 
There is much chlorite with the hornblende, and micaceous products 
with the feldspar. The pyrrhotite is generally of secondary origin, 
occurring chiefly with the chlorite. 

GABBRO AREAS. 

General features, — Typical gabbros do not form extensive areas in this 
vicinity ; most of the areas occurring as elongated masses in the serpen- 
tine probably represent, as does the diorite in similar occurrence, facies 
of the prevailing pyroxenicorperidotic mother rock of the serpentine. 

Gabbro dikes below the Providence mine, — In the dike like masses on 
both sides of the serpentine below the Providence mine the gabbro is 
very coarse grained, consisting of uralitic pyroxene of light-green color 
and whitish feldspar, very often with a tinge of brown. The grains 
average about 5 mm. In weathering, the large outcrops assume a 
whitish color. Microscopically, the feldspars show large anhedral 
grains with broad striation, the striations indicating a composition 
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between bytowiiite and anorthite. The diallage is almost wholly con- 
verted into uralite, fibers of which are also found in the feldspars. 
The latter are in part clouded by micaceous products. Some ilmenite 
is also present, as well as some finely distributed pyrite, the latter 
probably secondary. 

Gabbro in the Maryland serpentine, — ^There are several smaller areas of 
gabbro in the Maryland seri>entine, one of which is indicated on the 
map. The rock is only in part typical, some of it being schistose and 
dyuamo-metamorx>hosed. Up toward Jones Bar, in the continuation of 
the diorite-gabbro series of the special sheets, there are large areas of 
gabbro similar to the one here described and also characterized by the 
whitish color of the outcrops; it is here frequently dynamo-metamor- 
phosed, producing light-colored actinolite schists, often also with much 
zoisite. 

Tlie Maryland gabbro. — The Maryland gabbro area is the largest one 
found on the area of the special sheets, extending from South Wolf 
Creek up to the Maryland mine. The rock is in the main similar to the 
one just described; it is coarse-grained, of a prevailing light-green 
color, and is composed of uralite-diallage and a basic plagioclase. 

The exposures are very poor, the deep disintegration of the rock 
rendering it difficult to decide the relations with the surrounding rock. 
It borders, with a fairly distinct contact, on the serpentine, smaller 
masses and seams of the latter rock occurring in the gabbro. Toward 
the east the contact with the coarser diabases of the Maryland area is 
very obscure; abundant dikes of diabase, extending from the main area, 
appear to be contained in the gabbro, but in the area laid down as dia- 
base there is also, as at South Idaho, more or less gabbro traversed 
by dikes of the darker rock. The best exposures are along the railroad 
near the sulphuret works, but they are very unsatisfactory; the gabbro 
disintegrates easily to a crumbling mass, while the hard diabase dikes 
remain intact, their fragments covering the ground. 

The East Marylund gabbro, — Half a mile east of the Maryland mine 
another gabbro area begins. This is practically included in serpentine, 
and the rock varies a great deal in composition. While the prevailing 
rock Is the normal, coarse, whitish gabbro, there is also much of darker 
diabasic and amphibolitic rocks, the relation of which to the gabbro 
is obscure on account of poor exposures. On the dump of the Che- 
vannes tunnel much saussurite or saussuritic gabbro was found. 

A little gabbro is also found in the Marii)osa slates at the south end 
of the small serpentine area near the Washington mine (6,500 feet east 
of the Maryland mine). 

THE INDIAN FLAT SERPENTINE AREA. 

Extent. — Beginning under the andesite northwest of Town Talk, this 
area extends beyond the limits of the map to a point some distance 
northwest of the Yellow Diamond mine. 
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Description of rocks. — The seri)entine in this area is only partly a pure 
rock and usually bears clear evidence of its derivation from pyroxenites 
and peridotites, in part probably also from gabbro. The residual masses 
of gabbro and diorite occurring in it have already been mentioned. In 
its northwestern point unaltered pyroxenites appear, while good perido- 
tites are exposed where the Kewtown road crosses its western contact. 

While there is some of the pure light-green serpentine with glistening 
curved faces of the fragments, the prevailing rock is a black to dark- 
brown or dark-green dense rock, rather soft and with dull surface, in 
places showing, however, a peculiar satiny luster. Occasionally, as, for 
instance, in the rock from the old tunnel 2,300 feet south of the Wyoming 
mill (116 K. C), the serpentine of the appearance just referred to is fairly 
pure and shows a grate structure by development of more sharply 
bi-refracting fibers crossing each other at varying angles. There are, 
further, some tremolite or actinolite, a little talc, and abundant irregu- 
larly distributed magnetite, and, lastly, clouded and corroded remains 
of a pyroxene mineral. 

A specimen from the north side of Deer Creek, 2,500 feet west-south- 
west of the Providence mine (131 !N". C), is a black, apparently fine- 
grained rock with a satiny luster. The microscope shows it to be a very 
imperfect serpentine. There is a large quantity of clouded residual 
pyroxene, probably enstatite, traversed in all directions by radiating 
or crossing fibers of serpentine with gray colors of interference. The 
olivine is not so easily recognized, but is probably also present. Some 
secondary actinolite in radiating fibers traverses the pyroxene; aggre- 
gates of talc are also noted. The magnetite is abundant, anhedral or 
in sharp crystals, and arranged to form an incipient net structure, best 
seen in reflected light. Pyrite also occurs in this rock, in anhedral 
grains closely associated with magnetite. 

A serpentinoid rock of similar appearance from near the contact 
north of Pleasant Flat shows remains of pyroxene and olivine; the 
seri)entine traverses the original minerals in net-like veins composed 
of a very cryi)tocrystalline, clear mass. Talc and actinolite are present, 
as usual. It should be noted, however, that it is impossible to distin- 
guish fine micaceous aggregates from talc, and if feldspar was present 
in the original rock white micas might be expected in the resulting 
serpentine. 

Weathering, — This impure serpentine derived from pyroxenite and 
peridotite is very resistant to surface decomposition. It forms reddish- 
brown, rough out-crops, with practically no residual soil. West of 
Indian Flat a probably thermal alteration has produced a large mass 
of brown or white, cellular, chalcedonic rock. Moss agates, so called, 
consisting of translucent chalcedonite with black dendritic inclusions, 
have been obtained from this locality. 
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Relation to surrounding rocks, — The contact with the amphibolites on 
the east is distinct, though insufficient exposures do not permit a satis- 
factory establishment of the relation between the rocks. The contact 
on the west with the wedge-like projecting serpentine masses has 
already been referred to. 

THE TOWN TALK SERPENTINE AREA. 

This small area, 1,500 feet long and only a few hundred feet wide, is 
in character of rock similar to the larger mass just described. Resid- 
ual pyroxene, and occasionally olivine, is contained in the seipentine, 
as well as secondary actinolite. One specimen with dense, dark-green, 
flinty api)earance is a mixture of serpentine, chlorite, and actinolite. 
On account of unsatisfactory outcrop, nothing definite can be said 
about its relation to surrounding rocks; it lies as a dike-like mass 
between dark- green jwrphyrites on the west and black clay-slates on 
the east. 

A similar small area with some gabbro at its southern end is found 
north of the Washington mine, southeast of the Town Talk area. 

THE MARYLAND SERPENTINE AREA. 

Extent, — Beginning as a narrow wedge in gabbro northeast of iNew- 
town and Hanked by smaller masses of peridotite and pyroxenite, this 
large serpentine area enters the special sheets west of the Fair-ground, 
and between the Maryland mine and Grass Valley sends out a long 
wedge- 8hai)ed mass southward toward the sulphuret works. Continu- 
ing southeast, the area runs out to points again; near the Brunswick 
mine two branches are separated by a mass of gabbro. 

Description. — ^The rock is a normal serpentine of dull dark-green, 
dark-brown, or black color, sometimes containing veins of chrysotile; 
a light-green crushed serpentine, breaking in smooth, glistening frag- 
ments, is also found in places. Masses of diorite and gabbro are not 
abundant in it. 

The rock in this area is much more normal than is the Indian Flat 
serx)entine. In most of the specimens examined the serpentinization is 
complete, no remains of the original minerals being found. The struc- 
ture is, as a rule, an imperfect grate structure, by the development of 
stronger bi-refracting fibers crossing one another at varying angles; 
between the fibers lies less strongly bi-refracting serpentine with 
undulous extinction. A little talc and actinolite occurs, but far less 
than in the Indian Flat area. There is abundant magnetite, sometimes 
arranged so as to form a net' structure; a dark- brown, translucent chro- 
mite is also noted in some specimens. Finely disseminated pyrite was 
found in the seq>entine 1,700 feet west of the Eureka shaft embedded 
in fresh serpentine and in chrysotile veins; it is closely associated with 
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the magnetite aud sometimes included in it; in one place a cluster of 
small yellow needles was noted, possibly millerite or sulphide of nickel- 
The presence of some calcite in the rock renders it possible, however, 
that some of the pyrite may be due to the vein solutions. 

Korth of the areas of the special sheets remains of pyroxene and 
olivine are more frequently found in the serpentine. 

Weathering, — The rock weathers very much like that of the Indian 
Flat area, in rough, reddish -brown outcrops; the rocky 8eri)entine hills 
are almost bare of any residual soil, and are characterized by a scrubby 
growth of digger-pine and thorny brush (Ceanothus). 

Relation to surrounding rocks. — The contacts of the serpentine with 
the sedimentary rocks, as well as with diabase and porphyrite and 
with the gabbro and diorite, are fairly sharp ; least so, probably, the 
gabbro contacts, but the decomposition of the rocks renders it dif&cult 
to obtain distinct evidence as to succession. The relations at the St. 
John shaft are shown in the diagram accompanying the description of 
that mine. Small bodies of serpentine are occasionally found in the 
diabase, as at the reservoir 1,000 feet southeast of the Maryland mine. 
Numerous dikes of diabase and porphjnrite are found in this serpentine 
area, and will be discussed later. 

THE CROWN POINT SERPENTINE AREAS. 

At the Crown Point mine and northwest of it there occurs in the 
sedimentary rocks dike-like masses of seipentine in close connection 
with certain basic porphyrites, to be described later. The relation of 
the serpentine and porphyrite is very similar to that indicated in the 
St. John section, aud the inference is scarcely to be avoided that the 
latter rock is subject to a serpentinization. Specimens from the 'New 
Eureka prospect shaft and from near the Crown Point show the pres- 
ence of much actinolite and some chlorite in the serpentine. There is 
also some chromite. The rock from the latter locality (bridge by Crown 
Point mill, 116 G. V.) is not exactly like a normal serpentine, being 
dark- green, hard, and showing somewhat splintery fracture. Eesidual 
pyroxene was noted in this rock. 



CHAPTER lY. 
THE IGXEOUS BOCKS OF THE BEH-BOCK SERIES— (CONTD). 

THE DIABASE AND PORPHYRITE GROUP. 
DEFINITIONS AND GENERAL FEATURES. 

Under diabase are here included hypidiomorphic granular rocks com- 
pared chiefly of a soda-lime feldspar with augite ; hornblende may partly 
or even wholly replace the augite. The texture ranges from coarse to 
rather fine grained, the latter forming transitions to the porphyrite 
group. The typical structure distinguishing it from the gabbrosis 
**diabasic granular" or "ophitic," characterized by long, lath-shaped 
feldspars, the interstices being filled by the augite. Through a more 
granular development of the feldspars frequent transitions to dioritic 
jitmcture are effected. It was proposed to restrict the term "diabase^ 
to thcMe rocks carrying basic feldspars (labradorit^ to anorthite), but 
thi.s has not proved feasible without creating too artificial distinctions. 

Under diabase-porphyrite are included the finer-grained forms of 
dlaJ>ai<e in which are contained phenocrysts, usually of feldspar, thus 
giving the rock a porphyritic habit. 

Under augite-porphyrite and hornblende-porphyrite are here included 
the pre-Tertiary porphyritic rocks, consisting chiefly of soda-lime feld- 
jfjjar and augite, hornblende, or biotite. The structure is porphyritic 
bv phenocrysts of any of these constituents. The groundmass is chiefly 
f^hls^lfHthUtj ranging from cryptocrystalline to microcrystalline; very 
ttfMimtm is a pilotaxitic structure forming a transition to the diabase- 
j^iTj/hyrites. In these i)orphyrites the feldspar is, as a rule, somewhat 
U:^% banic than in the diabases. No glass has been detected, but 
r*^uisdun of it might well have been devitrified and thus escaped atten- 
tkm. Tlie jwrphyrites are probably chiefly effusive rocks, but may also 
if(:t:nT an intrusive bodies. 

lUMtkn l>elonging to this group have a wide distribution in the areas 
^/v«fr*i*l by the special maps. They are in general dark-green, rather 
'?/9Uii'; rrx;ks of medium to fine granular or holocrystalline porphyritic 
d/^'^iojmjent, augite prevailing among the ferromagnesian silicates, 
Xsjona^h hornblende also occurs. Collectively they would formerly have 
}/*^u rtif^rred U) as ** greenstones." Th^y range in composition from 
w0rtti2L\ diabases, with from 47 to 53 per cent SiO^ and rich in lime, 
V/ '|fiartZ'i¥jri)h3rrites of a composition similar to that of many grano- 
tUoriti^; the latter division is in general segregated from the rest and 
v^y/arat^'ly indicated. From the normal diabases there are gradations 
i/>t// honibJende-diabases and into augite-plagioclase rocks with a more 
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eu-granitic structure. Again, the diabase may readily become porphy- 
ritic, the resulting rock being referred to as diabase-porphyrite. A 
more pronounced porphyritic structure with finer-grained holocrystal- 
line groundmass gradually leads over into the)porphyrites, referred to 
as augite-porphjnrites or hornblende-porphyrites. Besides these main 
divisions there are others less prominently represented, such as fourch- 
ites (J. F. Williams), or porphyritic rocks consisting chiefly of pyrox- 
ene, and augite-syenite, the latter probably only a facies of the diabase. 
There are further great masses of old tuffs and contact breccias among 
this group. 

In face of such a variety of rocks, gradually changing in composition 
and structure and still by necessity to be regarded as a geological unit, 
the limitations of petrographical classification become painfully appar- 
ent. It can not be regarded as i)roved that the different areas occupied 
by this series are of exactly the same age, but the probability appears 
great that the time of eruption of all these rocks falls within moder- 
ate limits. They are much later than the Calaveras formation, being 
partly contemporaneous with, partly slightly later than, the Mariposa 
beds. Granodiorite appears to be the only principal rock which is 
decidedly later than the diabase-porphyrite series. 

The frequent x^orphyritic character, and especially the abundant 
presence of fragmental rocks, characterize the group, in contrast to the 
granodiorite and the diorite-gabbro group, as surface eruptions, while 
the transition in granular diabases, on the other hand, tends to connect 
it with the intrusive rocks. It is probable that the group represents 
what is left of the extensive volcanoes which at the close of the Jurassic 
period were built up along the foothills of the Sierra Nevada. The ero- 
sion having removed the upper part, the remaining cores are exposed. 
The progressive eruptions of new material as the volcanic masses 
piled up will to some extent explain the close juxtaposition of rocks of 
intrusive and effusive types. Professor Iddings's descriptions of the 
Electric Peak rocks offer many analogies to the phenomena here pre- 
sented. It may not be amiss to call attention to the fact that the rocks 
most resembling the effusive types of modern andesites are found about 
Banner Hill, in the highest parts of the area, but no distinct law gov- 
erning the distribution of the different structures can be formulated. 
• Finally, this group has been extensively subjected to metamorphism, 
developing uralite, epidote, chlorite, pyrite, and other minerals, and 
sometimes converting the rock into amphibolitic schists. 

A majority of these porphyrites are, strictly speaking, the some- 
what altered and perhaps partly devitrified equivalents of the modern 
andesites, and might be called " apo andesites," according to a recently 
suggested nomenclature. 

This or a similar classification has not been adopted because it was 
believed that great confusion would result. The gap existing between 
the Tertiary andesites and the Mesozoic porphyrites is, in the Sierra 
Nevada, very wide and marked. 
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THE DIKES IN THE FEDERAL LOAN ARGILLITES. 

Oenerai features. — Very many dikes are contained in the partly con- 
tact-metamorphosed rocks of this area, but most of them are of small 
extent and irregular form and can be traced only for short distances. 
It is rarely possible to trace them with great accuracy under the deep 
covering of residual soil ; the impression of great extent gained by the 
abundant fragments is corrected by inspection of fresh exposures, as 
along the canyon of Deer Creek. Although occurring abundantly close 
up to the granodiorite, none have been found in that rock. They 
usually contain a considerable quantity of sulphides, as do the argil- 
lites in which they are contained, and also, as the argillites, secondary 
biotite. 

Fourchite. — The fourchites, according to J. F. Williams,^ are charac- 
terized as porphyritic rocks with phenocrysts of augite in a prevailingly 
augitic groundmass. Rocks of this character, really the porphyritic 
equivalent of pyroxenite, occur in this area at two places — a« a small 
dike a few feet wide at the foot bridge 500 feet northwest of the 
Federal Loan mine (52 N. C), and as a larger dike at the andesite dike 
north of Willow VaUey Creek. The latter is adjoined southward by 
another dike of quartz-porphyritic character. The dark-green rocks 
carry augite crystals, colorless in thin section, green in specimen, sev- 
eral millimeters large, of stout prismatic habit, partly uralitized and 
showing peculiar twinning, sometimes with polysynthetic lamellae, prob- 
ably parallel to a dome or a pyramid. The groundmass is chiefly a fine 
aggregate of small prismatic or anhedral uralite grains with a little 
sericitized feldspar. 

Diorite, — A dike-like mass of dioritic rock occurs on the divide 
between Scotts Flat and Willow Valley, at the road to the former 
place. It is a dark-green, medium-grained rock, consisting of roughly 
idiomorphicy brown, partly bleached hornblende, lath-shaped plagioclase 
and a little orthoclase, the latter cementing the plagioclase prisms ; very 
abundant titanite and pyrrhotite, the latter possibly primary in part; 
much chlorite and epidote. Though a diorite, the rock is believed to 
to be closely related, geologically, to the diabase eruptions. 

Porphyrite. — Dikes of this character are most frequent, and the rocks 
may be classed either as hornblende-porphy rites or quartz- hornblende- 
porphyrites. They are in general dense, dark-gray rocks, with a tinge 
of green or brown, with phenocrysts of hornblende, in some cases up to 
2 cm., but usually 1 to 3 mm., in length. The feldspar phenocrysts are 
less conspicuous. Under the microscope the hornblende, while more or 
less uralitic, bears evidence of having been originally of dark-brown 
color; maximum extinction, 20^. The feldspar phenocrysts are well 
defined, but usually obscured by sericitic and epidotic aggregates. The 
holocrystalline groundmass is, in the quartzose porphyrites, of a fine- 
grained, allotriomorphic character, while in the quartz-free rocks it 
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readily assumes a pilotaxitic structure by the microlitic development of 
the feldspars. The groundmass is prevailingly comi>osed of feldspar^ 
though in the quartz-free porphyrites there are also small prisms of 
uralitic hornblende. Many of the rocks contain finely disseminated, 
reddish-brown biotite in the groundmass and in the uralite crystals; 
this biotite is probably not primary, but has been developed by meta- 
morphic processes. It can scarcely be due to contact metamorphism, 
for the granitic contact is for many of the occurrences several thousand 
feet distant. A similar development of brown mica will be shown in 
the metamorphosed diabases of the Nevada City area. Magnetite is 
abundant, as is pyrite, and especially pyrrhotite. In part these sul- 
phides are doubtless secondary, but in other sections (32 N. C), where 
intimately intergrown pyrite and magnetite fills many of the horn- 
blende crystals, a primary origin suggests itself strongly. Chlorite, 
epidote, and sericite are abundant. On the whole, the rocks may be 
characterized as greatly altered, though no mechanical effects of dynamo- 
metamorphism are visible. Specimen 22 N. C, from near the edge of the 
Banner Hill area, 200 feet south of the Scotts Flat road, was analyzed. 
It is a dark-gray, fairly fresh rock, porphyritic by black hornblende 
crystals of prismatic habit, about 3 mm. long; the feldspar phenocrysts 
are small and not prominent. The groundmass is dense, grayish- 
brown, with splintery fracture. Under the microscope the hornblende 
is greenish-brown, and shows sharp idioinorphic outlines. The feld- 
spars are filled by epidote and a sericitic mineral. The groundmass is 
a very fine grained, allotriomorphic, feldspar-quartz aggregate, with a 
great development of small chestnut-brown biotite foils. 
The following analysis of this rock was made by Dr. H. N. Stokes: 



SiOj 

TiO, 

P.Ofi 

S03 

A1203 

Fe^On 

FeO 

MnO 

BaO 

CaO 

MgO 

K,0 

Na^O 

H2O below 110° C 
H,0 above 110° C 



Per cent. 

62.09 

.32 

.39 

.10 

16.69 

1.45 

3.76 

Trace. 

.10 

6.08 

1.93 

1.84 

3.36 

.19 

1.47 

99.77 
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The chemical composition of this rock approaches very closely that 
of some granodiorites. Making dae allowance for the CaO contained 
in the hornblende, there is evidently more Ab than An, and, besides, 
not so little ortho(*lase. 

THE BANNER HILL DIABASE AND POBPHYRITE AREA. 

Extent. — As shown by the general map (PI. I), this area is entirely 
sarronnded by sedimentary rocks of the Calaveras formation. The 
part of it shown in the southeast comer of the Banner Hill sheet is of 
almost bewildering complexity. Were the exi)osares better it might 
be possible to further subdivide the area. It is, however, unquestion- 
ably a geological unit, and according to the best evidence available the 
rock types are closely connected by transitions. The occurrence of 
brown hornblende characterizes most of the rocks in this area. 

Description of rocks. — As no general description can be given, it is 
necessary to single out principal types. ISo. 71 N. 0. (Banner Hill 
bears !N. 20^ W., and is 4,700 feet distant) shows in a grayish- green 
groundmass white feldspar crystals up to 1 mm. long, and stout, pris- 
matic, black hornblende up to 10 mm. in length. Under the microscope 
the idiomorphic brown hornblende, with extinctions about 20°, shows 
peculiarly rounded or corroded outlines; some stout, partly uralitized 
angite crystals are also present. The idiomorphic feldspars are largely 
converted to epidote and micaceous minerals. Grains of ilmenite or 
titaniferous iron ore partly converted to titanite are rather abundant. 
The groundmass is apparently holocrystalline and consists chiefly of 
small feldspar microlites mixed with small grains of uralite and chlorite. 
The rock is a typical horublende-augite-porphyrite. 

A specimen from the lower Quaker Hill road near the edge of the 
map (57 !N. C.) is dark-gray in color with a brownish tinge, and indis- 
tinctly i>orphyritic by small feldspar and augite prisms. It contains 
abundant pyrrhotite. In thin section the colorless, prettily idiomor- 
phic augites are partly uralitized, the feldspars being completely decom- 
posed to epidote, micaceous aggregates, and cloudy masses, probably 
kaolinite. The groundmass is holocrystalline and consists of medium- 
sized feldspar microlites, with uralite grains, chlorite, and a little dirty- 
brown biotite ; there is very little magnetite, but i)yrrhotite is extremely 
abundant and apparently of secondary origin. In structure this rock 
stands between a diabase-porphyrite and an augite-porphyrite. 

The rock from the extreme southeast corner of the Banner Hill area 
is a very decomposed, fine-grained, but otherwise normal diabase. 

A specimen taken at a place where Banner Hill bears N. 36^ W. and 
is 4,500 feet distant, is a dark-green, coarse, granular rock composed of 
large (up to 5 mm. in diameter) augite crystals and grains, light-green 
in color and surrounded by a rim of black hornblende. Between the 
augites lies finer-grained white feldspar. The microscope shows large 
grains aQd imperfect crystals, often-twinned, of clear, and colorless augite, 
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usually surrounded by a border richer in inclusions, chiefly small frag- 
ments of brown hornblende; this again is surrounded by an outer rim 
of clear brown hornblende, bearing every evidence of being a primary 
constituent. There are grains of magnetite or ilmenito in the horn- 
blende, and also much leucoxene. Pyrite occurs occasionally, with 
chlorite or intergrown with magnetite. The plagioclase is related to 
labradorite and occurs in smaller, sharply lath-shaped crystals between 
the large augites; it is frequently included in the hornblende, more 
rarely in the augite. Between the laths lies brown hornblende, 
more rarely augite, occasionally also quartz. A little chlorite, epidote, 
and uralite occur in the rock. The structure of the rock is distinctly 
diabasic. 

Still another rock, occurring on the Quaker Hill road near the east- 
ern limit of the special sheet, is a medium-grained hornblende-diabase. 
Both the brown hornblende and the feldspars are partly idiomorphic, 
though sometimes the latter determines the outlines of the former. 
This rock is extremely rich in probably secondary pyrrhotite. 

Composition, — No analyses of these rocks have been made. On the 
whole the composition is doubtless that of a diabase, though the porpliy- 
rites may be somewhat more acid. Quartz-porphyrites do not appear 
to occur here. 

Weathering. — The rock weathers to a deep, reddish-brown soil of 
clayey character. The disintegration of the rock has, however, not 
attained any depth approaching that of the granodiorites. 

Relation to other rocks, — On the northwest the area borders against 
the argillites of Banner Hill, and the contact is of a complicated char- 
acter, a zone of contact-breccia half a mile wide separating the two 
formations. There are, in fact, no distinct contacts. The massive rocks 
gradually change to a porphyrite-breccia of generally small, brown or 
greenish, firmly welded, angular fragments of hornblende- and augite- 
porphyrites, with from cryptocrystalline to pilotaxitic groundmass; the 
feldspars are usually exceedingly altered and uralitic aggregates are 
common. Besides, the breccia contains more or less numerous sharp, 
gray to brownish fragments of siliceous argillite, often of the appear- 
ance of homfels. This breccia is characterized by containing a very 
large amount of pyrrhotite and a little pyrite, while magnetite gener- 
ally is absent. The pyrrhotite appears to be, largely at least, secondary 
and due to metamorphic processes. 

Northwesterly over the summit of Banner Hill the sedimentary frag- 
ments increase, entirely predominating in the breccia, which then 
finally grades into unbroken argillite. 

THE PITTSBURG DIABASE AND PORPHYRITE AREA. 

Extent, — Beginning in the southwest corner of the Banner Hill tract 
and extending diagonally across the Nevada City tract, is a large area 
of rocks of dark-green color and diabasic or porphyritic character. 
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Separated by the Mariposa slates, a part of it extends iiortli of the 
Fair-ground, and, appearing again on the north side of the andesite 
hill, continues as a narrow dike-like mass in the diorite of Pleasant 
Flat. The northwestern part of the main area is very much altered by 
metamorphic processes, which indeed to some extent have affected the 
whole mass and must be described separately. 

Description of rocks. — Going up the northern branch of Wolf Creek, 
above the Washington mine, one meets with a great variety of coarser 
diabases and hornblende-diabases with finer-grained hornblende-por- 
phyrites. In the southwest corner of the Banner Hill tract the horn- 
blende-porphyrites i>revail. A specimen of these, taken at Thomas ranch 
(89 N. C), carries in a dark brownish-gray groundmass feldspar crystals 
1 to 2 mm. long and larger black hornblende needles. 

Under the microscope the porphyritic feldspars appear very much 
altered into micaceous aggregates. The brown idiomorphic hornblende 
is partly converted to green uralite with slightly smaller extinction. 
The groundmass is pilotaxitic, chiefly feldsx)athic, and shows flow 
structure around the phenocrysts. Small foils of brown mica, also a 
little chlorite and uralite, occur in the groundmass. Pyrite is rather 
plentiful, often intergrown with magnetite. Both magnetite and pyrite 
occur as grains in apparently fresh hornblende. 

This rock was partly analyzed by Dr. H. N. Stokes, with the follow- 
ing result : 




SiO, 59.17 

CaO 6.66 

K2O 88 

XatO 3.4 



These figures would indicate a rock with some (juartz and a soda-lime 
feldspar approaching andesine. 

Along the crest of the ridge and about Herring's reservoir the rocks 
are, as a rule, fine-grained to dense, and of dark-green to dark brown- 
ish-green color. The microscope shows them to be tuffs of augite- and 
homblende-porphyrites containing small fragments of these rocks, 
larger aiihedral grains of augite or feldspar, and some fragments of 
sedimentary rocks. About the Pittsburg mine and from there on north- 
westward, grefitly altered, dark-green, medium-grained diabasic rocks 
prevail. The augite, nearly always more or less uralitized, is very 
prominent and occurs as anhedral or roughly idiomorphic grains which 
often show a tendency to become porphyritic. Where, besides this, 
the quantity of augite is great, transitions to the fourchites are formed ; 
such are the rocks in Wood's Ravine, 1,200 feet below the Nevada City 
mill, and on Gold Flat, 300 feet west of East Orleans tunnel. The 
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feldspar, nearly always greatly decomposed, is in part lath-like, in part 
more anhedral, the widespread alteration making it difficult to obtain 
good determinations; on the whole the structure is only partly normal 
diabasic, and shows approximation to the dioritic. 

Augite- and hornblende-porphyrites are also present in this area, as, 
for instance, north of the Fair-ground. Here the grayish-brown or 
greenish porphyrites contain small feldspar crystals and hornblende 
needles 3 mm. long in la groundmass composed chiefly of laths and short 
prisms of plagioclase, probably labradorite. Another rock in the same 
vicinity is an altered augite-porphyrite with phenocrysts of plagioclase 
and pyroxene in a groundmass of micropoikilitic structure character- 
ized by microlites and grains of feldspar in larger quartz grains. This 
structure is very unusual. 

The best exposures are found at the tunnel on the south side of Deer 
Creek, 900 feet below the Home mine, where the contact with the Mari- 
posa slates happens to be laid bare in the bed of the creek. Fig. 1 
illustrates the exposures and affords a key to the whole complex series. 




Fio. 1.— Section at tunnel 900 feet below Home mine, sonth side of Deer Creek, a, gabbro; &, serpen* 
tine; c, black mariposa clay -slate with taffaceons sandstone; d, diabaae-ta£f; <f, liomblende-porphy* 
rite; /, augite-porphyrite, somewhat schistose. 

The black Mariposa clay-slates begin at the tunnel and adjoin the 
serpentine on the west; they contain layers of tuffaceous sandstone and 
are again adjoined on the east by a dark-brown, fine-grained tuft*. This 
tuff shows under the microscope colorless fresh augite fragments, in 
part altering to greenish uralite; between the augites lie fragments and 
aggregates of feldspar. The rock is greatly altered by development of 
secondary amphibole, biotite, etc. 

Adjoining this tuff is a dike of normal greenish-gray hornblende- 
porphyrite with black hornblende phenocrysts and smaller white feld- 
spars. East of this again is a greenish-brown, distinctly schistose 
augite-porphyrite greatly altered by secondary mineral growth. 

On the whole, it appears probable that the hornblende-porphyrites 
are in part later dikes in the tufts and diabases, though they undoubt- 
edly in general belong to the same period of eruption. 

Pyrite and pyrrhotite do not appear extensively in these rocks in the 
Nevada City tract. 
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THE PLEASANT FLAT URALITE-DIABASE DIKES. 

Occurrence. — Across the diorite mass of Pleasant Flat extends a 
narrow area of fine-grained, dark-green rock, very evidently the 
continuation of the porpbyrite area nortli of the Fair-ground, and 
similar rocks are found at many other places in the diorite area. 

According to the evidence obtained at the narrow promontory sepa- 
rating Pleasant Flat from Stocking Flat, as well as at several other 
localities iu the vicinity, this rock occurs as dikes in the diorite. On 
the hillsides the deep weathering makes the contacts uncertain. Very 
fine dikes, from 4 to G feet wide, of the same rock are exposed at the 
wmta<*t of diorite and serpentine at the head of Stocking Flat; they 
also occur in the serpentine. 

Description of rocks. — All these rooks are chiefly fine-grained diabases, 
greatly altered by uralitization, which as a rule has left no augite, and 
by a more or less extensive recrystallization of the whole mass. A 
specimen from the contact dike, head of Stocking Flat (168 K C), con- 
sists of small grains and imperfect crystals of uralite in a feldspar mass 
which on the whole has a diabasic structure, although many of the 
feldspar laths are imperfect and transitions to dioritic structure appear. 
The chara<;ter of the feldspars can not be well determined under the 
microscope, as very much secondary biotite and hornblende has devel- 
oped in them. Ilmenite or titaniferous iron ore is present, but not any 
pyrite. 
A partial analysis of this rock by Dr. Peter Fireman gave: 



Per cent. 



SiO;.. 51.29 

CaO 6.57 

K,() a4 

Na«0 4.39 



Taking into consideration the fact that several per cent of the lime 
must belong to the uralite, it is apparent that the feldspar approaches 
an andesine. 

One of these uralite-diabaaes contains a few small prisms of brown- 
isli, probably primary, liornblende, and in the same area are many 
smaller dikes of hornlJende-porphyrite. 

Weathering. — Like the Banner Hill diabase and pori>byrite, the rocks 
iu this area are d<M!j)ly decsomposed, and weather on the surface to the 
same dark red clayey soil, from which oin^asional outcrops of more 
resistant rocks protnuh^ This fact makes it extremely difiiicult, except 
along the more dec^ply trenched creeks, to clear up the genetic relations 
of the dlflTereiit varieties and their relation to other formations. On 
the Ked Hill, and eHpe<;ially on tlie slope of Deer Creek facing north, 
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the surface decomposition and oxidation reaches a depth of 20 feet or 
more. 

Relation to other rocks. — ^Toward the arfniiites and schists of the 
Calaveras formation the diabase and porphjrrite border with intrnsive 
contact. In the southwestern part of the Banner Hill tract there are 
abundant contact breccias and dikes in the ar^lites. At the bloff 
just east of the Home mine (Deer Greek) the nearly massive uraiite- 
diabase cuts across the Calaveras contact-metamorphosed quartzitic 
schists, showing the later and intrusive character of the former. 

From the Home mine northward there are many dikes of diabase in 
the sedimentary schists. To some extent they are pressed and con- 
verted into secondary aggregates, but at many places, such as below 
the Wyoming mill and in Woods Ravine below the Nevada City mill, 
the relation of the two rocks is unmistakable. 

The Mariposa clay-slates appear, as indicated by the relations stated 
above, to have been laid down practically contemporaneously with the 
eruption of the diabases and porphyrites; this is inrther confirmed by 
the tuffaceous exi)osures in the Merrimac mine and a short distance 
above the Washington mine, where the tuffs gradually change into 
clay-slates, a relation expressed on the map by the interlocking char- 
acter of the contacts. 

The relation of the series to the diorites and serpentines has already 
been referred to. 

THE DIABASE DIKES IN THE MARYLAND SERPENTINE. 

To the north of the railroad in the vicinity of the Maryland mine the 
serpentine contains a number of diabase dikes, usually following the 
same direction as the veins of the Idaho system, that is, west-northwest. 
The width of these dikes ranges up to 50 or 100 feet. The best pre- 
served rock is found in the hanging wall of the Kentucky mine; it is 
hard, greenish -gray, medium-grained, and contains small grains of 
pyrite. Under the microscope the more or less regular lath-shaped 
feldspars with narrow striation and extinctions suggesting andesine 
are prominent, and their arrangement is that of the normal diabase 
structure; they contain abundant chlorite and white mica. There are 
remains of colorless augite, but the mineral is mostly converted into 
uralite, epidote, and chlorite, the latter filling the triangular interstices 
between the feldspars. The titaniferous iron ore is converted into milky 
titanite. 

Other dikes on the Nevada City road opposite the Coe shaft and 500 
feet northeast of it are similar, the latter containing remains of brown 
hornblende. The dike-like mass beginning north of the Maryland mine 
and extending up toward the Spring Hill is extremely affected by cblo- 
ritic decomposition, but was once probably a diabase. 

17 OEOL, PT 2 5 
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THE MARYLAND DIABASE AREA. 

EjOent — ^Beginning on Soath Wolf Greek, this area extends np to 
the reservoir southeast of the Maryland mine in a roagh crescent form. 

De^enption of rocks. — The rocks are dark-green, medium- to fine- 
grained, normal diabases, characterized by the presence of dark-brown 
hornblende besides the aagite. 

A typical rock, nnasaally fresh, occnrs on this road 425 feet west of 
the reservoir above the Maryland mine (121 G. V.). It is medium- 
grained and carries much pyrrhotite in small grains. 

Under the microscope the feldspars appear in long lath-like form, in 
part also as irregular grains. The twin lamellae are rather broad, but 
the symmetrical extinctions indicate that the prevailing feldspar is less 
basic than the labradorite. Between the laths lies, in places, a little of 
a finegrained, interwoven aggregate of feldspar, sometimes showing an 
approximation to spherulitic structure. The augite is colorless and 
shows imperfect outlines, indicating that its recrystallization in part 
preceded that of the feldspar. Most of the augites are surrounded by 
a fringe of evidently primary brown hornblende. There is very little 
ilmenite or titanic iron ore, but a large amount of pyrrhotite and pyrite, 
the occurrence of which in the fresh augite and feldspar renders its pri- 
mary character evident (fig. 2). Some of the interstices between the 
feldspars are filled by chlorite. 

An analysis of this rock by Dr. H. N. Stokes gave: 



Per cent. 



SiO., 51.01 

no, I .98 

P^Oft I .17 

CuS I Trace. 



AI.O3.... 
Cr,03-.. 
Fe..O:,(a) 
FeO(a).. 

FeS, .... 



11.89 

.04 

1.57 

6.08 

1.73 



MnO Trace. 



CaO 

MgO 

K,0 

Na,0 

H,0 below 1100 C 
H,0 above 110° C. 



10.30 
8.87 

.15 
4.17 

.24 
2.09 



99.35 



1 ^. 



a Approximate only, becaoae of presence of snlpiiides. 
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The rock appears to be a very typical diabase. Oonsidering that sev- 
eral per cent of the Ca(> must bedong to the aag:ite, it is at ouce appar- 
ent that the average composition of the feldBpars does not reach 
(AbiAoi), bat is rather that of an uudetiiue. Sulphide has in the 
analysis been calculated as FeSi, only that compound being present ia 
the sample; in the specimen from the same outcrop from which the 
thin sections were taken a large qnautity 
of pyrrhotite was identified by Dr. Stokes. 

Other rocks in the vicinity are similar, 
but asnally contain more chlorite; in some 
the pjTrhotite is more or less comjiletely 
replaced by black iron ores. 

The diabasic rocks from the liauging wall 
of the Idaho-Maryland vein are grayish- 
green, extremely chloritic rocks, often con- 
taining much carbonates and sericitp. In 
thin section the all- pervading chlorite gen- 
erally veilsthe original character, but it is 
snspected that several varieties of rocks 
are present. The rock from the hanging 
wall, fifteenth level {1-15 G, V.}, shows 
chiefly a mass of feldspars of imperfect 
lath-like form, between which lies mnch 
chlorite. The estinctions indicate a rather 
acid plagioclase. Other slides, from the 
sixteenth level near the incline, show a 
chloritic mass in which lie very long and narrow latb-like feldspars, the 
structure in fact approaching the pilotasitic groundmass of some of the 
porphyrites. Still another specimen, froai the mine dump, shows a dis- 
tinct toffaceous character. This is not so snrprising, for the workings 
of the mine now extend under the area indicated on the surface as 
schistose porphyrite, which area in fact is largely com|)osed of pressed 
I>orphyrite-tnff. 

A partial analysis of No. 145 G. V., by Dr. H. N. Stokes, gav&- 




— Prini»ry pyrrlotita li 



. .__ J 

The large i)ercentage of INajO and the small amount <if CaO are very 
unexpected, but the rock is much altered and it is not safe to draw any 
conclusion as to its original composition. 

The principal rock ex^msed iu the shaft of the South Idaho is a very 
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typical nralitediabase. Between large, long, and slender laths of feld- 
spar, well filled with secondary epidote, lies fibrous, iiale-green, nralitic 
hornblende. Narrow veins of a white mineral cross the specimen, 
evidently related to epidote, bat showing exceptionally low colors of 
interference; the extinction is oblique to the well-developed cleavage. 
A partial analysis by Mr. George Steiger showed the mineral to contain : 

Ii 
Per cent, i 



SiO, 42.30 ' 

Al,>03 (with some Fe^Os ) ' 30. 10 

CaO I 17.30 

MgO jVery little. 

I^itioD 4. 70 



The mineral mast thns be regarded as an epidote exceptionally poor 
in iron. 

The rock in the sharp railroad carve 2,100 feet south of the Maryland 
mine is very fine grained nralitic diabase, m which, however, the typical 
structure is less well developed. Remains of augite and brown horn- 
blende were noted. The slide contains veins filled with white epidote 
and chlorite, together with a secondary mineral with strong double 
refraction, probably scapolite. 

Relation to other rocks. — The irregular contact toward the gabbro on 
the west has already been noted, the diabase intruding as dikes in the 
former rock. On the northeast the contact toward the serpentine is 
distinct. On the east the diabase borders, with extremely indistinct con 
tact, more in the nature of a transition, toward the schistose porphyrite- 
hreccia. 

THE AUGITE -SYENITE OF SOUTH WOLF GREEK. 

Half a mile east of the Grass Valley railroad station is a small area 
of a grayish-green, medium-grained rock of diabasic appearance, usu- 
ally containing scattered grains of pyrrhotite. The rock occurring 1,200 
feet west of the lower sulphuret works (64 O. V.) consists, as seen in 
thin section, of lath-shaped plagioclase crystals much clouded and filled 
with micaceous products, and augite as short stout crystals or filling tri- 
aognlar interstices between the feldspar laths. Cementing all these 
eoDstituents is a fresher and clearer feldspar without twin lamellae, 
which eWdently is orthoclase. Small amounts of uralite and chlorite 
are present, while most of the titanic iron ores are converted to leu- 
coxene. A partial analysis of this rock by Dr. H. N. Stokes gave: 
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The presence of sacb a large qaantity df KjO in this rock is remark- 
able and allies it to the augite-syenites, or more correctly to the 
monzonites of Brogger. It is not, however, probable that it is a geo- 
logically independent body, for its affiliatious are clearly with the 
Maryland diabase area, and it is probably only a facies of that rock. 
The relations of this area to the surrounding serpentine and Calaveras 
formation are obscured by the extensive weathering. 

THE DIABASE AND PORPHYRITE DIKES IN THE OALAVERAS FORMA- 
TION OF GRASS VALLEY. 

The medium-grained to aphanitic, dark-green dikes in the Calaveras 
formation nearest to the granodiorite are, as a rule, finegrained dia- 
bases and diabase-porphyrites, uralitized in part. They frequently 
contain pyrrhotite intergrown with black iron ores; at least a part of 
this pyrrhotite is probably primary. The exposures are not satisfac- 
tory, the dikes occurring in the central part of the city. 

From the Crown Point to north of the New Eureka there extends, in 
closest connection with the serpentine, a series of dike like masses of 
varying structure. They are chiefly diabasic rocks consisting of augite 
surrounded by brown hornblende, feldspars without jironounced lath 
shape and often not striated, pyrrhotite, and black iron ores. But 
hornblende-augite-porphyrites with fine-grained, holocrystalline ground- 
mass also occur. All of these rocks are intensely altered; the augite 
and hornblende is changed to uralite, bastite, serpentine, and chlorite; 
the serpen tinizatiou is sometimes very pronounced; the feldspars are 
altered to strongly bi-refracting aggregates, which in part are musco- 
vite, in part probably a scapolite. The black iron ores are converted 
into leucoxene and chlorite, while sometimes secondary pyrrhotite is 
also found. 

In the New Eureka shaft a series of very peculiar altered serpentinoid 
rocks were found, consisting of a fine felted mass of chlorite and ser- 
I)entine containing large distinct foils of white and reddish-brown mica. 
It seems evident that the diabase and porphyrite are here under- 
going a process of serpentinization, but in what degree the serpentine 
to the northwest has resulted from these rocks is not clear. 

In the St. John shaft a very varied and interesting series of rocks 
have been exposed. The relations of the serpentine to this are indicated 
in fig. 21, p. 220. The rocks comprise hornblende-diabases, sometimes 
also with primary brown mica; granular rocks consisting of reddish- 
brown mica, feldspar, and abundant quartz; and, finally, grayish-green 
quartz-hornblendeporphyrites. The latter carry idiomorphic horn- 
blende and feldspar in a holocrystalline groundmass made up of imper- 
fectly lath-like plagioclase, between which lies unstriated feldsx)ar and 
quartz. Nearly all of the rocks carry pyrrhotite in intergrowth with 
magnetite, and the former is in part quite surely primary. The min- 
erals in the rocks are extremely altered to bastite, chlorite, micaceous 
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pnxlactB, and probably also to scapolite, by tbu ordinary metamorphio 
fwocesses. Tliermal tr»t«rs Lave in addition produced abimdaut cal- 
eite and pyrite. 

It appears as if the final resalt of the metstnorphic procesaeB wonld 
have been a serjientiooid rock conBisting of Herpentine, cblorite, and 
aetioolite, in »liicb lie larger bastite crystals. 

THE NOBTU STAB DIABASE AND PORPHYRITR ABEA. 

Extent. — This area extends in roughly rectangnlur form from oear 
the ywtb Star up toward the uorthweatern audesite area. It is bounded 




Fia. 3,— luiergTDwth at piimu; pjiita mud prrrht 
Uagolflrd lIldluiKKin. a, kngllei A, hantilsu 
/. pyrrhotllr- 

by the Calaveras formation on the west and by the ;;ranodiorite on the 
east, north, and south. 

Description of rock». — In the southeastern [Ktrtion of the area 
medium -grained diabases prevail, in part very frewh and nnaltered 
rocks. Typical specimena were obtained 1,600 feet nouthcast of the 
North Star mine (32 G. V.), 3,000 feet north of the Omaha mine 
(31 G. v.), and 1,300 feet north of the same mine (108 G. V.). 
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The second of these (34 (x. V.) is a medinm-grained, dark-green, 
fresh rock in which the black pyroxene and light-green feldspars are 
plainly visible. Grains of pyrite and pyrrhotite are scattered through 
the mass. Under the microscope the rock is shown to be v^ryfres] 
almost the only secondary mineral being a little chlorite associated 
with the hornblende. 

The plagioclase occurs partly as long, lath-like crystals with narrow 
striation, the extinction indicating an oligoclase or andesine, partly 
also as irregular grains indenting the laths, the effect being often a 
ragged or patched appearance. Many of the irregular feldspar grains 
do not show twin lamellae. The augite forms colorless grains, rarely 
idiomorphic, but often notching the feldspar laths, the whole indicating 
a more or less simultaneous crystallization. The augite is surrounded 
by sharply defined, brownish-green hornblende, not always of the same 
orientation. This hornblende is evidently a later magmatic growth, 
and not .a secondary mineral. There is probably also a little quartz 
between the feldspar grains. The black titanic iron ore, pyrite, and 
pyrrhotite are clearly of primary origin, and the earliest products of 
consolidation, being included in all of the other minerals (fig. 3). The 
three minerals occur in very intimate intergrowth as irregular grains, 
the sulphides being included in the oxide, and vice versa. The titanic 
iron ore is most abundant. The structure, while in general diabasic, is 
not very typically so, on account of the less perfect lath-like develop- 
ment of the feldspar. 

This rock was analyzed by Dr. H. N. Stokes, with the following result: 



Per cent. 



SiO, 

TiO, 

P..Oft 

CuSf 

Al,03 

Cr.Ci 

Fe>03(fl) 

FeO (a) 

FeS:(6) 

MnO 

BaO 

CaO 

MgO. 

K,0 

Na,0 

HiO below llQo C 
H,0 above IICP C 



53.19 

1.34 

.13 



17.12 

None. 

4.35 

5.16 

.94 

Trace. 

Trace. 

9.39 

3.98 

,26 

2.79 

.17 

1.21 



100.05 



a FeO and FoxOs only approximate, on account of prenence uf sulphides. 
^Calcnlated as FeS^. bat much FeyO, also present. 
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The rock is a typical diabase in comi)osition and very similar to the 
Maryland diabase. In all respects similar to this rock is the si>ecimen 
32 G. Y., referred to above. 

Other specimens, snch as 108 G. V. and 114 G. V., at Central North 
Star, show a much more typical diabase structare. They are aralite- 
diabases, with a large amount of black iron ore. 

The rocks in the vicinity of the North Star mine are in general finer- 
grained, dark-green, and frequently porphyritic by small feldspar and 
more rarely aagite crystals. They may in general be characterized as 
nralitic diabase-porphyrites ranging down into uralite-porphyrite with 
pilotaxitic groundmass. These rocks are greatly decomposed, abun- 
dant chlorite, epidote, and micaceous product being formed, as well as 
leucoxene from the titanic iron ore. The feldspars are not recrystal- 
lized as in the typical dynamo-metamorphic areas, but alter into epi- 
dote, micaceous products, and perhaps also scapolite. Segregations of 
secondary products occur, chiefly characterized by abundant epidote. 
Such a segregation was found on the dump of the tunnel of the Star 
placer mine in Wolf Creek, a short distance above the Omaha mine, 
and consisted of a coarse mass of epidote, magnetite, and pyrite, with 
crusts of chabazite; it was assayed and found to contain 1 ounce of 
silver i>er ton, but no gold. 

A hornblende-porphyrite of fresh appearance was noted on a dump 
300 feet east of the Kocky Bar deep shaft. It probably occurs as a 
dike in the prevailing denser diabase-porpbyrite, which is filled with 
epidote and pyrite. 

The prevailing rock at the Peabody mine is a finegrained diabase. 
In the northwestern part of the area dark-green porphjrrites, with 
unusually large white feldspar crystals, api)ear. 

On the whole, there is in this area no marked d3mamo-metamorphism, 
but an extensive alteration, resulting chiefly in epidote, chlorite, and 
pyrite, and there is evidently no new feldspar formed. This alteration 
is distinct from the dynamo-metamorphism, but, on the other hand, it is 
also distinct from and surely not caused by the thermal waters forming 
the quartz veins. Epidote can evidently not be formed by this thermal 
process, and the alteration shows besides no dependence on the quartz 
veins, not growing more intense as these are approached. 

Weatherinj. — The rock in this area is deeply decomposed and covered 
by a clayey, red residual soil. The only, good exposures are afibrded 
by the mining operations. This zone of extreme disintegration and 
decomposition is sometimes 30 to 40 feet deep. 

Relation to other rocks, — The contact on the west with the Calaveras 
formation is not well exposed. Near the North Star mill a 12-foot- wide 
mass of siliceous and jaspery rock, reddish or yeUow, and containing 
nests and cavities with chalcedonite, lies on or near the contact, but of 
normal contact metamorphism there is no clear indication. 
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THE OSBOBNE HILL DIABASE, POBPHTBITE, AND BBEOOIA ABEA. 

Extent. — ^This large area occupies a considerable portion of the soath- 
eastem part of the Grass Valley tract. Beginning on South Wolf 
Creek, southeast of the railroad station, it extends by the Empire and 
W. Y. O. D. mines and finally forms the great prominent ridge of 
Osborne Hill. 

Description of rocks, — The rocks are in general fine-grained to apha- 
nitic, dark-green, and the constituents can rarely be made out with the 
naked eye. While not generally afiected by dynamo-metamorphism, 
the rocks are often deeply changed by chloritic and epidotic alteration. 
Both massive rocks and breccias occur. 

At the northern end of the area, between the granodiorite and the 
Calaveras formation, the rock is a dark-green porphyrite-breccia ^vith 
fragments of siliceous argillite; it is highly altered and has evidently 
also been subjected to pressure. Films of chlorite and secondary 
hornblende obscure the relations of the minerals. Scattered grains of 
magnetite and pyrite occur in intimate intergrowth. 

Near the Empire and W. Y. O. D. the rock is very fine grained uralite- 
diabase, at the latter place very rich in pyrite. The dark-green, fine- 
grained rock from the dump of the Golden Treasure shaft consists, in 
thin section, of abundant pale-green uralite in grains or roughly out- 
lined crystals, containing magnetite and pyrite intergrown. The feld- 
spars constitute an entirely clouded mass, once evidently forming 
lath -like crystals. 

Very fine grained diabases occur in the vicinity of Houston Hill. 
The structure in thin se^^tion, which with low magnifying i)ower apx>ears 
almost pilotaxitic, becomes with higher power very typical diabasic 
granular by long triclinic feldspar laths, between which lie triangular 
masses, also anhedral or roughly idiomorphic crystals of colorless 
augite, undergoing a direct transformation into chlorite. The titanic 
iron ores are transformed into leucoxene and pyrite, and pyrrhotite 
appears in connection with chlorite. Often there are large quantities 
of uralite and epidote and new-formed aggregates of quartz (and feld- 
spar?) containing amphibole needles. 

A rock from near the granodiorite contact at Leeman's ranch, 4,000 
feet east of the Omaha mine, is a dark-green, medium-grained rock of 
diabasic appearance and containing a large amount of grains of pyrite. 
Under the microscope its greatly altered character is evident. There 
is no augite, but much brownish-green hornblende in irregular grains 
and shreds. An original mass of lath-like feldspars is entirely obscured 
by opaque aggregates of doubtful character, probably in part kaolin. 
Allotriomorphic aggregates of secondary quartz, possibly also some 
new-formed feldspar, lie between the altered feldspars. Magnetite and 
pyrite, in part intimately intergrown, are scattered through the mass. 
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in the feldspar, the hornblende, and the secondary qaartz aggregates; 
there is no calcite. The rock contains a trace of copper. 

Porphyrites also occur abandantly in this area. Northeast of the 
Empire hoisting works, and 1,200 feet distant, a greenish gray rock 
with small white feldspar crystals was noted. It contains scattered 
grains of pyrite; one grain of chalcopyrite was also determined. 
Under the microscope the structure apx>ears brecciated; the fragments 
are of a porphyrite, the augite or hornblende being converted into 
chlorite. The groundmass is very unusually fine grained, and has a 
probably hypocrystalline, hyalopilitic structure, though the glass was 
not identified beyond doubt; it may, however, have become devitrified. 
In places the rock is amygdaloid, the cavities being filled with chlorite. 

Specimens from a shaft on the Lincoln vein, due east of the Gulden 
Treasure shaft, show a typical augite-porphyrite; the idiomorphic 
feldspars are clouded by kaolin and strongly double-refracting aggre- 
gates, i)ossibly of scapolite; the idiomorphic augite is usually charac- 
terized by x>orphyritic twin lamellae. The groundmass is holocrystal- 
line and composed of small uralite and clouded feldspar grains. Much 
pyrrhotite is present, intergrown with magnetite. 

The rocks from the southern end of Osborne Hill are generally 
grayish-green, highly altered porphyrites, with a strong development 
of epidote. 

The summit and larger part of the eastern slope of Osborne Hill is 
composed of a breccia of differing coarseness, chiefly made up of frag- 
ments of porphjrrite and diabase-porphyrite, together with less of a 
gray or brownish, flinty, sedimentary rock. The feldspar in the porphy- 
rites is usually altered to epidote and other secondary minerals, while 
the augite is converted to chlorite. 

Weathering. — Over practically the whole area rests residual soil of 
greater or less depth, red color, and clayey character, and the expos- 
ures are only rarely satisfactory. 

Relation to other rocks. — The brecciated character of the rock mass 
near the Calaveras formation has already been mentioned. Along the 
granodiorite contact the exposures are not satisfactory at any place, 
but dike-like masses of granodiorite in diabase were noted at many 
places from Little Wolf Greek southward. 

THE ORLEANS QUABTZ-POBPHYBITE DIKES. 

Beginning near the Orleans mine and extending at least as far as the 
Daisy Hill mine are a series of dikes of quartzose porphyrite, occupy- 
ing a place similar to that of the dikes from the eastern part of the 
Banner Hill tract or some of the rocks from the St. John mine. This 
dike system probably extends farther south, as similar rocks are found 
at tho Lafayette tunnel and other places on tbe western slo])e of 
Osborne Hill, but the outcrops are so obscured by heavy soil that it 
is scarcely possible to trace the dikes farther. Besides, the quartz- 
porphjrrite at the Lafayette tunnel is less quartzose tiiau that farther 
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nortL, and appears to grade over into normal i)orphyrite. A typical 
rock from the New Ophir claim (140 G. V.) is of light grayish-green 
color and contains some epidote. The grayish phenocrysts of feldspar, 
as well as angite or hornblende, now converted into chlorite, lie in a 
dense, almost flinty groundmass. 

The plagioclase phenocrysts appear, under the microscope, filled with 
epidote and micaceous products, while the augite or hornblende is con- 
verted into uralite, chlorite, and epidote. The groundmass consists 
either of short feldspar laths, between which lies a little quartz, as a 
cement, or of a micropoikilitic intergrowth of feldspar laths and grains 
with quartz. 

The rock was analyzed by Dr. H. N. Stokes, with the following 
result: 



SiOj.. 

TiO: . 

P.O5.. 

AI2O3. 

Fe.O; 

FeO.. 



Per c«nt. 



63.39 

.44 

.14 

16.58 

1 41 

3.08 



MnO Trace. 



BaO 

CaO 

MgO 

K,0 

NaiO 

H,0 below 110° C 
H2O above HQoC. 



.11 
4.76 
2.15 
2.79 
3.47 

.22 
1.87 



100.41 



The composition is almost identical with the quartz-porphyrite from 
the Banner Hill area, the analysts of which is given elsewhere. 

The relation of the quartz-porphyrite to the surrounding diabase is 
not clear at the main dike, but the intrusive character is apparent in 
the case of a small dike of the same material outcropping in the bed 
of the creek a few hundred feet farther down. 

THE AMPHIBOLITE GROUP. 
DEFINITION. 

Under the name "amphibolite" are here included massive or schistose 
rocks composed chiefly of hornblende, usually with smaller quantities 
of quartz, feldspar, epidote, and chlorite. These rocks are here in most 
cases products of dynamo-metamorpbic action upon primary igneous 
rocks of the composition of diabases or porphyrites. 
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THE INDIAN FLAT AMPHIBOLITE AR£A. 

Extent. — This amphibolite area really forms the northern end of tlie 
Pittsburg diabase and porphyrite belt. As the process by which the 
amphibolites have been produced has in fact affected all of the rocks 
in the belt mentioned, it is necessary to discuss to some extent the 
alteration over the entire area. It is very evident that the extreme 
mechanical deformation causing schistosity is not necessary for the 
production of thoroughly metamorphic amphibolitic rockis. The rocks 
designated ^^amphibolites" are in general schistose, though rarely Tery 
prominently so, and are not separated by a sharp Une from the less 
altered diabasic or porphyritic rocks. 

Description of rocks. — The less schistose amphibolites and the nrali- 
tized diabases are not readily distinguished by the naked eye, the 
fine-grained structure and dark- green color being common to both. 

The first stage in the metamorphism consists in the uralitization of 
the abundant augite (and rarer hornblende) in the primary rocks; at the 
same time the ends of the crystals feather out in ragged and diTei^ent 
aggregates of light-green hornblende, and needles of the latter scatter 
through the feldspars. It is not necessary, however, that this process 
should be completed before the alteration proper begins. The latto* 
consists in the forming of clear, allotriomorphic granular aggregates of 
generally unstriated feldspars, quartz, epidote, with abundant newly 
formed green, frequently idiomorphic, hornblende and dark brown bio- 
tite; this hornblende should not be designated ^uraMte;'* the forms 
assumed are well indicated in a figure of the Conrad tunn^ amphibo> 
lite in a paper on the Ophir mines.^ Besides the:9e minerals* magnetite, 
pyrite, and pyrrhotite are formed and contained, equivalent to the other 
components, in the secondary allotriomorphic mass. This new-formed 
mosaic encroaches gradually on the original minerals: the remaining 
feldspars appear as remnants clouded by muscovitic minerals and epi- 
dote. The eventual result is the conversion of the rock into an even- 
grained, clear, and fresh mosaic, an aggregate of the secondary minerals. 

Muscovitic minerals are not, as a rule, formed in this process, nor is 
chlorite, though subsequent alteration may produce them in the amphi- 
bolites. Very characteristic for this area is a strong development of 
secondary biotite. That contact metamorphism has not caused this 
alteration is indicated by the tayct that the black Mariposa clay-slates, 
easily susceptible to the infiuences of that process, are not notably 
altered, while the surrounding diabasic rocks have been considerably 
changed. Toward the end of the area northwest of Indian Flat, how- 
ever, it is possible that contact metamorphiam is in part responsible for 
the alteration. 

In the tuffaceous rocks from near the Hening reservoir the meta- 
morphic processes are already noticeable. Uralite largely replaces 
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augite, and a reddisb-brown mica develops abundantly in tbe nralite; 
in some crystals tbe tendency appears to be to convert tbe wbole mass 
into biotite of similar orientation. Between tbe original feldspars, and 
sdso to some extent in tbem, tbe biotite is also developing, as well as 
abundant needles of new ampbibole (104 N. C). In otber specimens 
(105 N. G.) from tbe same place new allotriomorpbic feldspar aggregates 
appear, forming witb biotite and bomblende a clear mosaic. Pyrite 
and pyrrbotite, as well as some black iron ores, are also among tbe new- 
formed minerals making up tbe mosaic, tbe snlpbides being formed con- 
temporaneously witb tbe biotite. 

From tbe Pittsburg mine down to Deer Greek tbe prevailing rocks 
are dark- green uralite-diabases; remaining kernels of augite often indi- 
cate tbe derivation of tbe ligbt, bluisb-green uralite; tbe edges of tbe 
uralite are extremely frayed and ragged, and needles of new-formed 
bomblende penetrate tbe feldspar. Tbe original feldspars are clouded 
and filled witb micaceous aggregates and epidote; between tbem and 
in tbem new, clear mosaic aggregates are forming of feldspar, bom- 
blende, quartz, etc. 

Nortb of Deer Greek tbe alteration increases; tbe rock 1,100 feet 
nortbwest of tbe Indian Flat scboolbouse is typical (161 N. 0.). It is 
a fine-grained, very sligbtly scbistose ampbibolite of dark-green color. 
In tbin section tbe rock presents a blotcbed appearance, from tbe occur- 
rence of larger wbite spots in tbe more even-grained prevailing mass. 
The latter is a clear allotriomorpbic mass of biotite and green bom- 
blende in irregular but sbarply defined grains and foils, witb grains of 
new-formed feldspar. Tbe wbite spots are tbe remains of larger plagio- 
clase crystals, now clouded and filled witb minute bomblende needles. 
The process by wbicb this mass is converted into the clear mosaic aggre- 
gate is very well shown, tbe latter corroding tbe older feldspars in all 
directions; sometimes tbe feldspar is cut by veins of tbe mosaic. In 
otber rocks from this vicinity remains of augite are seen. 

Toward the Oro Fino mine, beyond tbe area of tbe special sheet, tbe 
ampbibolite becomes more schistose and more completely recrystallized. 

From the clear, fresb character of the new mosaic and tbe clouded 
and altered remains of older feldspar the conclusion might be drawn 
that this alteration precedes the formation of the new mosaic, or, in 
other words, that the rock was already considerably altered before 
tbe dynamo-metamorpbism took place. This conclusion is, however, of 
doubtful value, for the new-formed feldspar is probably albite and 
much more resistant to alteration than the old soda-lime feldspar. 
While deformations of minerals by pressure are met witb in tbese 
rocks, they are not nearly so prominent as, for instance, in the adjoin- 
ing aplite dike or in the Galaveras sandstones of Grass Valley. Quarts 
being most susceptible to crushing, rocks containing it show most 
plainly tbe purely mechanical effects of dynamo-metamorpbism. 
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THE BRUNSWICK AREA OP SCHISTOSE PORPHTRITE-BRECCIA. 

Extent — BeginDing southeast of the Maryland mine, bordering 
against diabase, this area extends southeasterly by the Gold Point 
and Brunswick mines, adjoined on the northeast by serpentine and on 
the southwest by the andesitic tuff, to beyond the limits of the special 
maps. 

Description of rock.—The rock over the whole area is more or less 
intensely affected by dynamo-metamorphism and has become schistose. 
At the Lucky mine and at the Brunswick the schistosity is more 
strongly developed, producing amphibolitic and chloritic fissile rocks. 
Less altered rocks (97 O. V.) occur on the road along the Gold Point 
ridge, at an elevation of 2,700 feet. The rock is a greenish-gray, fine- 
grained breccia, very hard and compact and roughly schistose. Lighter 
grayish or brownish ft^agments of siliceous argillite appear to shade 
over into the darker green fragments of porphyrite. Under the micro- 
scope the iK)rphyrites are shown to be chiefly augitic, with very fine 
grained, partly pilotaxitic grouniimass. A large part of the augite has 
been converted into urahte. The cement of the breccia is a very con- 
fused mass of chlorite, epidote, white mica, and needles of hornblende. 
Grains of pyrrhotite also occur, mostly connected with chlonte. 

Least altered is the augite-porphyritebreecia from near the edge of 
the Grass Valley tract, 500 feet east-southeast of the small Maryland 
shaft on the ridge (120 G. V.). It is a dark-green, very hard, fine- 
grained rock of slightly fragmental aspect. A partial analysis of this 
pure breccia, by Dr. H. N. Stokes, gave: 
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SiO: 47.03 

CaO 13.20 

K:0 1.90 

Na.0 2.^ 



The low percentage of silica and large amount of calcium in this 
rock are somewhat exceptional; the prevailing feldspar must be of 
quite basic character. 

Weathering, — The surface of this area is deeply decomposed, the 
dark-red, clayey soil making the exxK>sures, as a rule, very unsatisfac- 
tory. At the Gold Point mine, 136 feet from the surface, the porphy. 
rite-schist is entirely disintegrated to a crumbling yellowish rock. 



CHAPTER Y. 

THE SEDIMEXTAKY ROCKS OF THE BED-ROCK SERIES. 

GENERAL FEATURES. 

The sedimentary rocks, cousistiug of clay-slate (argillite), siliceous 
argillite, quartzitic sandstone, and chert, occupy relatively small areas 
in the tracts described. Only rarely can ^the stratification be recog- 
nized, and it is then about vertical, and approximately coincides with 
the schistosity. The latter is always nearly pei^pendicular, though a 
slight dip to the east may sometimes be recognized. 

CALAVERAS FORMATION. 
DEFINITION. 

The Calaveras formation includes the sedimentary rocks of Paleozoic 
age occurring in the Gold Belt. It is believed on good grounds that 
most of this formation belongs to the Carboniferous, but it is possible 
that older rocks may also be present, the scarcity of fossils making 
identification difficult. 

In the areas referred to this formation no fossils have been found, 
and the evidence of age is only circumstantial. The beds are altered, 
but not in general completely recrystallized, though, under the influence 
of dynamic and contact metamorphism, they grade into normal crys- 
talline schists. 

The areas in the Grass Valley tract are the continuation of the sedi- 
mentary formations about Auburn and Colfax, in which a few fossils 
distinctly indicating Lower Carboniferous age have been found. The 
best locality is at the old limestone quarry 2 miles west of Colfax, from 
which Mr. C. D. Walcott has identified the characteristic corals Cli^io- 
phyllum gabhi Meek and Lithostrotion whitneyi var. suhlceris Meek. 
The areas in the Banner Hill tract are the continuation of the series 
extending up by North Bloomfield and the Delhi mine, in which masses 
of limestone with crinoid stems have been found along the South Yuba 
River, indicating at least a Paleozoic age. 

These sedimentary rocks are more resistant to weathering tnan the 
granodiorite, and in the Banner Hill and Nevada City tracts form a 
ring of hills rising like an amphitheater around the broad depression 
occupied by the granodiorite. 

79 
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THE FEDERAL LOAN AREA. 

Rock description. — The Federal Loan area contains, well exposed in 
the deep canyon of Deer Creek, a very pecnliar sedimentary rock, black 
to dark-brown in color, very hard and dense, with a fracture ranging 
from imperfectly conchoidal to splintery. Minute grains of sulphides 
are abundantly scattered through it. It only rarely, and then in 
decomposed outcrops, shows a trace of schistosity, but is in general 
entirely massive. It looks much like certain very dense products of 
contact metamorphism, usually called homfels, bat the extent of the 
area outside of the special map shows that its occurrence is not depend- 
ent on the proximity of the granitic rocks. On the contrary, it forms 
an important part of the Calaveras formation in the area of the Colfax 
sheet, beginning north of Colfax and extending, several miles wide and 
magnificently exposed in the canyons of the South and Middle Yuba, 
up to the northern limit oi*that sheet, where it is cut off by igneous 
rocks. Within this area it becomes schistose in streaks, and then 
appears as siliceous clay-slate; it also contains some smaller lenses of 
limestone with crinoid stems (South Yuba Canyon). This rock may 
for the present purpose be called siliceous argillite, the word argillite 
being used to designate a fine-grained, clayey, sedimentary rock, 
whether schistose or not, which has undergone some alteration. It 
presents some similarity to the cherts of certain sedimentary series, 
but it does not occur in distinct layers as the radiolarian chert (phthan- 
it'C) of the Coast Ranges, nor is it, like certain other cherts, derived 
from limestone. A certain similarity to lydite (Kieselschiefer) is also 
noted, but it contains much less silica than either chert or lydite. It is 
probably to be regarded as having been originally deposited asa siliceous 
clay, partly by the agency of radiolarian organisms, of which there are, 
indeed, indistinct traces in the rock. The metamorphism which the 
rock has undergone can not, as stated above, be regarded as contact 
metamorphism, but is more likely part of the regional and evidently 
dynamic metamorphism which has affected all of the sedimentary rocks 
of the Calaveras formation. 

In the excellent outcrops along Deer Creek above Federal Loan, the 
black siliceous rock is seen to contain indefinite streaks of lighter color, 
which have a general north-south direction; this may be a faint remain- 
ing trace of stratification. 

A rock from the ditch opposite Federal Loan, and 1 ,300 feet from the 
contact (23 K. C), corresponds well to the above description; pyrrho- 
tite is contained in minute grains and veinlets. 

Under the microscope it resolves into an extremely fine grained, 
allotriomorphic, holocrystalline aggregate of quartz and probably feld- 
spar. Very intimately intermingled with this mosaic are small flakes of 
reddish-brown biotite, and there are abundant larger and smaller 
grains of pyrrhotite, in all probability of contemporaneous formation 
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with the biotite. A little carbonaceoas organic matter is also present. 
The slide is dotted by a few small round and clear spots of a coarser 
quartz aggregate. It is not impossible that these may be radiolarian 
remains. 

The unaltered wall-rock from the Federal Loan mine (35 N. O.) is of 
similar appearance, but contains a few gi^ains of pyrite, besides pyr- 
rhotite and minute seams of calcite, noticeable only ui>on treatment 
with hydrochloric acid. 

Under the microscope it appears a little coarser than the rock just 
described, and presents remains of a clastic structure by larger rounded 
grains of quartz or feldspar. The main mass is the same intimate mix- 
ture of brown, in part idiomorphic biotite foils and allotriomorphic 
quartz-feldspar mass. The feldspar is not quite fresh, being in part 
filled with micaceous minerals. Most of the sulphides are undoubtedly 
contemporaneous with the formation of the mosaic. 

This rock was analyzed by Dr. W. F. Hillebrand, with the following 
result: 

AnalyHa of wall rock from Federal Loan mine. 



SiO, 

TiO, 

AI3O3 

FoijOsa 

FoOa 

CaO 

SrO 

BaO 

MgO 

K2O 

NaaO 

Li,0 

PsOft 

COa 

F6t08 

Carbon of organic matter 

HaO below 1100 C 

HsOabovellOoC 



L 
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73.63 

.52 

10.54 

1.87 

2.47 

Trace. 

.12 

1.84 

1.89 

1.81 

Trace. 

.13 

.62 

3.16 

.59 

.11 

1.07 



100.37 



a Beoanoe of organic matter and soluble sulphide, the FeO oould not be estimated ; therefore all iron 
after deduction of that needed for FOfOa is counted as FeO. 



The analysis shows that the rock is not a lydite or ^^ Kieselschiefer^" 
as it contains too little silica. On the whole, the composition is similar 
to that of many so-called ^' Hallefiinta," although in the latter rock the 
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original clastic stmctare is wholly lost. It is too acid, on the other 
hand, for an ordinary argillite. 

Weathering.^Ou the sammits of the ridges this rock weathers to a 
white, soft, clayey mass, such as is exposed along the road to Scotts 
Flat, a little east of the eastern boundary of the sheet. The weathering 
is not, however, deep, and the rock on the whole shows comparatively 
great resistance to this process. Eed soil, washed down from the adja- 
cent masses of andesite and porphyrite, usually covers the surface. 

Contact metamorphiHm, — For a few hundred feet from the contact 
the siliceous argillites are altered to more crystalline rocks; the best 
exposures are found in Deer Creek below the Federal Loan. The con- 
tact is extremely sharp, and near it, as mentioned, a dike of fresh 
granodiorite occurs in the altered rock. For the first few feet from the 
contact the sedimentary rocks are converted into medium-grained, 
grayish, slightly schistose, gneissoid rocks; the grain is of varying 
coarseness, and the rock presents a spotted appearance from the irreg- 
ular distribution of the biotite, occurring abundantly as small black 
foils. A thin section 2 feet from the contact shows a coarse mosaic 
structure of quartz and feldspar without twin striation, with a few 
roughly lath like plagioclase crystals and much reddish-brown biotite 
in straight foils, in part altered to chlorite. Five feet from the contact 
the grain of the rock is already finer, and in thin section the mosaic 
structure of quartz and some not twinned feldspars becomes more pro- 
nounced. Abundant small biotite foils and a few cubes of pyrite are 
inclosed in the fresh quartz grains. 

For a few hundred feet back from the contact the rocks show a grad- 
ually diminishing grain until the normal structure, previously described, 
is attained. The typical contact rocks of this type are of brownish or 
brownish -violet color, fine-grained, but not flinty or splintery, and the 
biotite foils in them may be observed with the magnifying glass. 

In thin section these rocks consist of a fine-grained mosaic of quartz 
and unstriated feldspar, easily resolved by a No. 4 Hartnack objective. 
Larger foils of reddish-brown mica with irregularly rounded outlines 
lie between the grains. The biotite is partly converted into chlorite. 
In the clear mosaic grains are embedded a great number of small 
biotite foils, the larger hexagonal, the smaller with rounded outlines; 
magnetite, pyrite, and probably also pyrrhotite, are embedded mostly 
as small crystals in the fresh quartz and feldspar mass. The sulphides 
are without doubt formed contemporaneously with the other contact 
minerals. 

THE BANNER HILL AREA. 

The sedimentary rocks occupy the northwestern steep slope of Ban- 
ner Hill. Less altered black argillites of imperfectly schistose charac- 
ter occur at the old Banner mine and in the small area south of the 
andesite, while along the contact near the North Banner mine and up 
the creek hornfelsor contact-metamorphosed siliceous argillites prevail. 

Occupying the broad belt across the summit of Banner Hill is a 
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brecciated zone consisting chiefly of a hard, compact, and well- 
cemented mass of angular, gray to brown fragments of the same rock 
that has been described as siliceous argillite from the Federal Loan 
area. 

In thin section the latter rock appears with its characteristic, ex- 
tremely fine allotriomorphic structure, but with less biotite than near 
the Federal Loan; other Gagmen ts are of igneous rocks, and are iden- 
tical with the augite and hornblende porphyrites of the adjoining 
Banner Hill area. The amount of the igneous fragments gradually 
Increases until near that area they prevail and only occasionally gray 
or brown fragments of the sedimentary rocks appear. The igneous 
fragments are generally well preserved and show unaltered brown 
hornblende and greenish augite. 

Very characteristic of this breccia is a recrystallization effected 
between the fragments and also in the sedimentary rock pieces. Allot- 
riomorphic mosaics, sometimes rather coarse, have been formed, and 
consist of quartz, possibly also some feldspar, with a pale-green, 
anhedral mineral which from its cleavage and extinctions must be a 
monoclinic pyroxene, perhaps malacolite, though the small size of the 
grains did not permit its positive identification; it is certainly not an 
epidote. More slender greenish needles in the same secondary aggre- 
gate are a very light green amphibole. With this mineral combination 
is associated abundant pyrrhotite, giving evidence of direct connection 
with it by being surrounded by rims of the same pyroxenic mineral. 
This pyrrhotite is thus not connected with or formed by the auriferous 
vein solutions. 

A fine-grained quartzitic rock occurring at the head of Little Deer 
Greek consists of a wholly crystalline allotriomorphic quartz-feldspar 
mosaic and abundant small grains of monoclinic pyroxene. This pecul- 
iar metamorphism of the Banner Hill breccia is interesting, and its 
cause is not quite clear. It may be the result of contact-metamoq)hic 
action of the porphyrite. It can hardly be due to the granodiorite^ 
and of dynamo-metamorphism there is no indication. 

THE CANADA HILL AREA. 

The ridge to the south of Canada Hill consists largely of argillite, 
evidently the continuation of the Banner Hill area, covered in part by 
the andesitic flows. Over the larger part the exposures are very poor, 
but it is clear that the rock is not much altered. The prevailing rock 
is a black argillite with much carbonaceous matter, weathering gray 
and white and breaking in shelly pieces without clear schistosity. It is 
much softer than the Federal Loan rock, and does not have the splin- 
tery fracture of the latter. Where the area narrows, near the edge of 
the Banner Hill tract, a vertical schistosity about parallel to the grano- 
diorite contact begins to appear. The original bedding of the rock is 
not clearly indicated. 

Along the contact with the granodiorite there is a gradually fading 
contact zonei)f homfels a few hundred feet wide. 
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THE NEVADA CITY AREA. 

Extent and general character, — As a narrow belt, from 400 to 1,500 
feet wide, and closely following the granodiorite-contact, the Paleozoic 
rocks of the Calaveras formation cross the Nevada City tract in a 
general northwesterly direction. 

The rocks are generally very distinctly schistose and consist of black 
argillites or clay-slates, siliceous argillites, and quai tzitic and mica- 
ceous schists. In the southeastern part a zone of contact-metamorphic 
rocks, a few hundred feet wide, lies next to the contact, while from 
near the Providence mine northward the whole belt is composed of 
highly altered schists, but whether all of this should be credited to the 
effects of contact metamorphism is doubtful. 

Description of rocks. — Black, more or less fissile argillites occupy the 
eastern part of the area. The exposures are very poor; diabase-por- 
phyrites, some very rich in pyroxene, occur a« det.ached masses in the 
slate, and smaller masses of slate are embedded in the igneous rock. 

Good exjwsures are noted where the creek draining Gold Flat crosses 
the area. Just south of the Orleans vein in this creek is a cropping of 
hard, brownish, schistose hornfels, with alternating lighter and darker 
streaks, probably indicating stratification; the schistosity is parallel 
to these and to the contact; the dip is 85^ N. Flat joints dipping 
east' intersect the schist. At Orleans shaft there are some gneissoid 
contact metamorphics and black clay-slate with knotty surface (Knoten- 
schiefer). The contact metamorphism extends only 500 or 600 feet 
Nearer to the diabase, in the same creek, are exposed fissile, dull-black 
slates containing much carbonaiteous matter and finely disseminated 
pyrite; in these there is no indication of contact metamorphism. 

Near the road south of the sulphuret works there are outcrops of 
fissile, weathered, knotty slates of silvery- gray color. 

At the Fortuna mine the contact metamorphism is not strongly indi- 
cated. There are black, sooty, slightly knotty clay-slates and harder 
siliceous slates of a brownish color, indicating a development of biotite. 

Farther west the metamorphism becomes more intense, and unaltered 
slates are no more seen. In the vicinity of the Crosby shaft some 
highly altered contact schists, streaked brown and green, are exposed, 
while the dumps indicate that the sedimentary rocks contain many 
diabasic dikes. 

Brownish, highly altered, micaceous schists appear near the contact 
at the Providence mine. The good outcrops in the blulf near the Home 
mine show a fine-grained schist streaked brown and green by alternat- 
ing developments of hornblende and biotite. The bluft* is cut by joints 
dipping east and west at moderate angles, and the dark-green diabasic 
rocks, not at all or very imperfectly schistose in places, cut squarely 
across the schistose sedimentary rocks. 

On the opposite side of Deer Greek, below the Wyoming mill, occurs 
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a dark-brown, imperfectly fissile argillite with a somewhat knotty sur- 
face and showing under the microscope a very fine grained, allotriomor- 
phic mass of quartz, feldspar, and biotite, with much carbonaceous 
matter. Somewhat schistose, dike- like masses of amphibolitic rock are 
contained in this argillite. 

On the dump of the Wyoming upper shaft were noted dark-brown, 
fine-grained, crystalline slates with much pyrrhotite in fine dissemina- 
tion, certain streaks being richer in that mineral than others. 

In Wood's Kavine, below the Nevada City mill, good exposures are 
found of fine grained schists, streaked greenish and brown, cut by 
diabasic veins and in places containing small, lenticular, auA pressed 
quartz veins, possibly the result of an older i)erio<l of quartz formation 
than that to which the productive veins belong. 

From here on northward the rocks are principally fine-grained, brown- 
ish schists, streaked brown, green, and gray, and often with horn stone- 
like fracture; there are also some greenish amphibolitic schists, which 
appear to represent pressed rock of originally diabasic character. In 
thin section the prevailing rocks consist of fine-grained quartz-feld- 
spar mosaic with sharply outlined grains and flakes of hornblende, 
epidote, and biotite, and often show a streaky appearance by the 
arrangement of the latter minerals. This rapid variation and the usu- 
ally predominant biotite separate them from the slaty amphibolites on 
the west. 

Relation to other rocks. — These sedimentary rocks are distinctly older 
than the granodiorite on the east and the diabasic rocks on the west, 
both acting as intrusives toward the Calaveras slates. 8ome of the 
diabasic dikes show relatively slight alteration, while others are con- 
verted into amphibolitic rocks. Whether this is due to a difference in 
age of the latter or to diiiering intensity of the dynamo-metamorphic 
action is not certain. 

The schistosity is in general parallel to the granodiorite contact, but 
from this the conclusion must not be drawn that the pressure from the 
intrusive granodiorite has produced the schistosity. In details, such 
as in the exposures in the crosscut on level 3 in the Nevada City mine, 
it is shown that the granodiorite cuts across the schistosity, which evi- 
dently was as strongly ])resent at the time of the intrusion as it is now. 
No doubt the granodiorite has exerted a strong pressure on the schist 
masses, but it has mainly a pushing and bending action on the already 
formrd schists. Toward the Coan mine the schistosity makes a distinct 
angle with the contact line. 

The question of how far the alteration of the slates is due to contact 
metamorphism is an obs(;ure one. To judge from available evidence 
from other parts of the special maps, the contact-metamorphosing 
a<;tion has not extended beyond a distance of a few hundred or a thou- 
sand feet. 
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THE GRASS VALLEY AREA. 

General deHcripiwn, — This belt of sedimentary rocks, 1,000 to 2,500 
feet wide, extends across the northeastern part of Grass Valley. To 
the northwest it extends under the covering area of andesitic mate- 
rial, as indi(!ated by the dumps at the various shafts along the Alta 
channel. To the southeast it also probably continues under the ande- 
sites, as indicated by the small areas northeast and east of the Electric 
mine. The outcrops are very unsatisfactory, and consist chiefly of a 
grayish, medium to coarse grained, quartzitic sandstone and a very 
carbonaceous clay-slate. The former is characterized by many grains 
of dark-giay quartz. Near the granodiorite* harder, dark-brown, 
con tact- metamorphic rocks appear. 

Fresh nniks found in the New Eureka and Crown Point mines look 
very different. They are hard, black, (juartzitic sandstones, composed 
chiefly of small, clear grains of quartz and similar black argillites with 
imperfect cleavage, breaking in irregular fragments with smooth, glis- 
tening surfaces. The argillites contain many larger clastic iTagments, 
chiefly of quartz, and both rocks contain pyrrhotite in great abundance 
as grains and seams with quartz. A little crystalline limestone of dark 
color was found on the New Eurekn dump. 

Microscopic description. — Under the microscope these rocks present 
several interesting features. The whole series appears extremely 
affected by dynamo-metamorphic action, most intensely manifested in 
crushing and fracturing. The clay-slates are composed of very fine 
grained aggregates with abundant newly formed muscovite, sometimes 
bitin£: into the quartz grains, and much carbonaceous substance. A 
few larger crushed clastic grains were noted. Extreme crushing has 
practi(*ally converted some rocks to a breccia, traversed by small white 
veins, described below. Others show a pressed structure parallel to the 
cleavage, and some clastic grains are elongated in the same direction. 
Grains of pyrrhotite are very abundant throughout. 

Still more interesting are the quartzitic sandstones (72, 73 G. V.). 
The clastic grains are chiefly quartz, while some feldspar, in part with 
twin lamelhe, is also present. Curved lines of fracture and small veins, 
chiefly of calcite and quartz, traverse the slides. The cement is 
recrystallized into an irregularly intergrown aggregate of quartz and 
feldspar with shreds of biotite, muscovite, and chlorite. Pyrrhotite 
also enters into the composition of this new-formed mass, and consid- 
erable organic matter is present. A few crystals of bluish-gray tour- 
maline were noted in the cement. The clastic grains are extremely 
pressed, and crushed to lenticular masses, showing all gradations 
between undular extinction and complete crushing and recrystallization 
to a finer aggregate. Besides, the newly formed quartz-feldspar mass 
between the grains is vigorously corroding the clastic grains and con- 
verting them to a finer aggregate. There is here an excellent illustration 
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of the intimate connection of dynamical and chemical processes in the 
recrystallization of rocks. 

A specimen from the New Eureka shaft, 200 feet down (343 Nevada 
County collection), of a similar black quartzitic sandstone occurring as 
a small mass in serpentine, shows in addition to the small quartzose 
veins a second set of fractures, crossing the former and filled with ser- 
pentine. The serpentine in places extends into the clastic feldspar 
and quartz grains, corroding them in such a way as to leave no doubt 
that a local serpentinization has been in progress. 

The feldspathic pyrrhotite veins. — In the description of the Crown 
Point mine the occurrence of a very remarkable vein is mentioned, 
consisting of pyrrhotite and chalcopyrite with calcite and very little 
quartz. The sulphurets are said to contain some gold, while of free gold 
there is practically none. The pyrrhotite contains only a trace of 
nickel. This type is so radic^ally different from the normal gold-quartz 
vein that it must be considered separately, and undoubtedly has been 
formed under differing conditions. 

The specimens and slides of the black argillite from near this vein, 
and also from the New Eureka shaft, contain a number of small white 
veinlets, occasionally widening out to larger bunches of the same com- 
pact white material. Small grains and streaks of pyrrhotite and 
copper pyrites occur on all these seams, and in one instance a little 
ziucblende is probably also present; beyond doubt, the vein near the 
Crown Point is only a larger representative of this type. 

Under the microscope the veins are seen to consist of quartz, calcite, 
and a plagioclastic feldspar, generally clouded and sometimes showing 
polysynthetic twinning. A small fragment of the feldspar was deter- 
mined by Mr. George Steiger, by a qualitative analysis, as soda-lime 
feldspar approaching labradorite, the fusibility also agreeing with this 
result. In one veinlet (343 Nevada County collection) the feldspar 
occurs as small clouded prisms, between which lies clear quartz. This 
is the only occurrence of feldspar on mineral veins thus far known 
from this vicinity.^ In the normal gold-quartz veins they have not 
thus far been found. The largest vein in the Crown Point mine shows 
no feldspar, but abundant light-green radial aggregate of chlorite, alike 
in the calcite, the quartz, and the pyrrhotite. This is also unknown 
from the normal quartz veins in this district. 

Conta^jtmetamorphic rocks. — For a distance of about 200 feet from the 
granodiorite contact dark-brown, fine-grained, quartzose, hornfels-like 
rocks appear, showing but little schistosity. In thin section a few 
larger clastic grains of feldspar and quartz lie in an extremely fine 
ft^^^g^te of the same minerals containing, besides, flakes of reddish- 
brown biotite and grains of magnetite and pyrrhotite. Organic matter 
is also present. In the smaller area south of South Wolf Creek normal 



'Mr. H. W. Tamer has reoognized alMte forminj^ with quartz in a shattered zone in an alblte- 
porphyrite from the Shaw mine, Eldorado Count}*. Am. Jour. Sci., 3d aeries, Vol. XL VII, pp. 470, 471. 
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sandstones api)ear in the eastern part, while the part acljoining the 
diabase is a fine-grained breccia of this same hornfels-like rock, some- 
times with fragments of porphyrite, and on the whole very similar to 
the Banner Hill breccia. Some of the same characteristic quartz- 
angite mosaic occurs in it, the latter mineral being here identified 
beyond doubt. According to the best evidence available, the porphy- 
rite is earlier than the granodiorite. It is possible that the i>orphyrite 
in forming this breccia — which must be considered as a contact breccia — 
has had a contact-metamorphic effect similar to that of the granodiorite, 
though probably less intense. In fact, there is some evidence pointing 
in the same direction from the Gold Flat diabase area (Nevada City 
sheet), for that rock often contains fragments of sedimentary rocks in 
which a similar development of secondary biotite has taken place. 

Qvartz-tourmaline rock. — In the porphyrite adjoining the granodiorite 
just west of the Scotia shaft are poorly exposed masses of a gray 
quartzitic rock with dark-gray spots and blotches. In thin section this 
rock consists of an allotriomorphic mosaic of quartz in which lie masses 
of greenish-gray tourmaline, sometimes with roughly radial structure 
starting from a center of darker tourmaline. The ends of the tourma- 
line crystals grow into the quartz grains. This rock is regarded as a 
contact-metamorphosed quartzite. 

THE NORTH STAB AREA. 

Adjoining the diabase there extends along the western margin of the 
Grass Valley tract an area of sedimentary rocks. The exposures, as 
a rule, are very obscure. The area appears to consist of large ledges 
of a grayish chert, separated by black, imperfectly fissile argillite, 
weathering gray and breaking in shelly fragments. The chert is in 
places almost pure hydrated silica, and contains little vugs with quartz 
crystals. It is very different from the siliceous argillite from Federal 
Loan. 

Along the poorly exposed contacts with the granodiorite and diabase 
there is not much evidence of contact metamorphism. No special 
examination has been made as to the origin of the chert so abundant 
in this area, but it is suggested that it may be derived largely from 
limestone by a i>rocess of silicification, such as hus often been noted 
from other places in the Gold Belt. 1 his view is confirmed by the 
occurrence, on the top of the ridge northwest of North Star, of a bowl- 
shaped depression or pit several hundred feet in diameter, and which 
can not be ex])lained except as a collapsed limestone cave. It is indi- 
cated on the map as " Devils Punch Bowl." 

MARIPOSA FORMATION. 

The Mariposa formation embraces the uppermost part of the Jurassic, 
and is c(>mi)osed chiefiy of a series of clay-slates. 
During the mapping of the area of the Smartsville sheet the existence 
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of the Jurassic Mariposa slates, which south of Colfax are such a promi- 
nent feature of the foothill geology, was not recognized, nor have any 
fossils been found during the detailed examination in the rocks referred 
to this division. The evidence along other lines is, however, so strong 
that there can be no reasonable doubt that they are present. 

The main belt of the Mariposa slates euds a short distance north of 
Colfax, beiug cut off by igneous rocks. The slates near Colfax are 
identified by the occurrence of several characteristic types of ammon- 
ites.^ Lithologically they are characterized by black clay-slates and 
an abundant development of porphyrite-tuffs. About 7 miles north of 
Colfax a small streak of black tuffaceous clay-slates begins, and, extend- 
ing under the andesite table, appears again a short distance east of the 
Washington mine on the headwaters of Wolf Creek. Here the series 
is quite extensive and consists largely of tuffaceous fissile slates, appar- 
ently gradually going over into porphyritic breccias. 

A short distance northward the slates are replaced by porphyrite- 
breccja, but appear again in characteristic form near the Merrimac 
mine, on the dump of which fresh, black, tuffaceous slates are exposed, 
containing, as seen under the microscope, fragments of different kinds 
of porphyrites and of the brownish, siliceous argillite, entirely similar 
to that of Federal Loan, in an argillitic, very dense cement with much 
organic matter. The fragments do not show any evidence of consider, 
able pressure. The slates near the mine contained much pyrite in 
sharp cubes. 

The black clay- slates can be traced northward as a very narrow 
band, exposed in places by tunnels and ditches, until the excellent 
exposures along Deer Creek, mentioned above in the description of the 
Pittsburg porphyrite area, are reached. A short distance north of Deer 
Creek the belt ends. On the hill north of Deer Creek some siliceous 
argillite is exposed, besides the normal black, very fissile, and com- 
paratively little altered clay-slat«. A narrow isolated area of black 
clay-slate near Indian Flat has also been referred to this formation. 
Beyond this point the Mariposa slates have not been found. 

The relatively unaltered character, the associated and interstratified 
porphyritic tuffs, and the occurrence of fragments of the older Cala- 
veras formation are the evidences indicating beyond reasonable doubt 
that these rocks are younger than the Paleozoic formations. Through, 
out the area a steep or vertical dip prevails, and the schistosity 
coincides, approximately at least, with the stratification. 

I Perifphinctes eol/axi and Olcogtephanut lindgreni, A. Hyatt, Trias and Jura in the Western 
SUtea: Boll. Geo! fikic. Am., Vol. V, 1803, p. 395. 



CHAPTER VI. 

METAMORPHIC PROCESSES. 

REMARKS ON METAMORPHISM. 

Giving to the word DietainorphiRm a some what wider sense than that 
in which it is commonly used, it may be defined as any transformation 
in the mineralogical comx>osition or structure of a rock, with or without 
addition or subtraction of substance. This transformation can be 
brought about by different agencies and with widely differing results. 
The term metasomatism, or metasomatic action, is usually employed to 
designate a change in the chemical as well as the mineralogical compo- 
sition, involving addition or subtraction of substance. 

Restricting the wider definition of metamorphism, it is convenient 
to exclude from it the superficial weathering and disintegration, pro- 
duced chiefly above the ground- water level by the ac^tion of atmospheric 
waters carrying oxygen and carbon dioxide. By this process there is not 
only a mineralogical transformation but the rock as such is destroyed. 
The products of this process are, besides soluble salts, chiefly silica, 
ferric hydrate, carbonates, and kaolin. Processes like cementation, or 
ordinary hardening of soft sedimentary rocks without extensive min- 
eralogical or structural change, are likewise excluded. 

Large metamorphosed areas are often spoken of as affected by regional 
metamorphism, a general term not designating the cause of the action. 
A large part of the Sierra Nevada may thus be said to have been sub- 
jected to regional metamorphism. The main cause, however, undoubt- 
edly being orogenic pressure, the rocks are referred to as altered by 
dynamometamorphism. Strictly speaking, this term refers only to the 
purely dynamic processes of crushing and shearing by compressive 
stress distributed evenly through the rock or relieved along certain 
planes. A stretching action produced by a tensile stress has also been 
recognized by several investigators, but no decided evidence of its 
existence can be said to have been found during the examination of the 
rocks in this district. 

While examples of dynamo-metamorphism without extensive mineral- 
ogical alteration occur, chemical forces are nearly always involved and 
very generally play a most important part, incited by the increase in 
temperature accompanying the pressure at points far below the surface 
and aided by the moisture of the rocks. It is not at all probable, bow- 
ever, that the heat during the dynamo-metamorphic processes in the 
Sierra Nevada has exceeded a few hundred degrees centigrade, and of 

90 
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fusion there is no indication at all. It is not necessary for the initia- 
tion of the recrystallizing action that the pressure should have been 
carried to a point at which the limits of cohesion were reached and 
schistose structure produced. 

The process should perhaps more fittingly be designated dynamo- 
chemical metamorphism. It generally is characterized by a very 
moderate hydration and the formation of clear, fresh aggregates of 
mosaic structure. It usually produces a rock of finer texture than the 
original one. Igneous and sedimentary rocks are similarly affected, 
though the ultimate products usually differ. The chemical composition 
of the rock does not appear to be greatly altered by the process. 

Dynamo chemical metamorphism, best illustrated in this district by 
the Indian Flat amphibolite area and by the Grass Valley Calaveras 
slates area, ordinarily produces the following minerals: feldspar 
(probably very largely albite), quartz, hornblende, biotite, muscovite, 
chlorite (!), epidote, titanite, magnetite, pyrite, and pyrrhotite. The 
original feldspars are converted into albite, epidote, hornblende, 
quartz, and muscovite. The pyroxene alters to uralite and recrystal- 
lized hornblende, biotite, and epidote. The larger grains of clastic 
or porphyritic character are not only crushed but also resolved to 
secondary aggregates by a corrosively acting process of substitution, 
the new-formed minerals projecting into the primary grains. 

Another and extremely prevalent form of metamorphism is apparent 
in certain rocks, such as the North Star and Osborne Hill diabase 
areas, which have certainly not been subjected to notable dynamic 
action. This process, characterized by the formation of confused min- 
eral aggregates, not so much by clear secondary mosaics, and by a 
moderately extensive hydration, might provisionally be designated 
common hydro-metamorphism^ The process may evidently be begun 
and accomplished at a comparatively low temperature and depth under 
the influence of the moisture permeating the rocks below the ground- 
water level ; the results imply that these were waters not oxidizing and 
which contained no great amount of carbon dioxide. As the depth 
increases, the cliaracter of the metamorphism will naturally change by 
reason of increasing temperature and static pressure. 

The minerals formed are chlorite, serpentine, hornblende, epidote,* 
muscovite, probably also scapolite; further, magnetite, pyrite, and 
pyrrhotite; also zeolites. Secondary feldspars are apparently not 
formed in this process. The original feldspar alters to epidote, musco- 
vite, and scapolite; the augite to hornblende, epidote, chlorite, and 
pyrite; ilmenite to titanite. 



* About equivalent to Roth'» '•complicirte Verwitterung." 

'Epidote contftins mainly ferric iron, and it is hardly possible that it can have been formed under 
strongly reducing influences. It is, however, not necessary to anppose that it most have been formed 
under oxidizing intluences, for rocks ordinarily contain a considerable quantity of ferric oxide. 
Pyrite has often been observed embedded in epidote. It does not seem probable that it can be formed 
by surface weathering under ordinary temperature and pressure. Compare G. F. Becker, Hon. U. S. 
Geol. Survey, Vol. Ill, p. 211. 
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One of the principal differences between this process and dynamo- 
chemical nietamorphism is the absence of the secondary feldspar and 
the mosaic structure. It is clear from the above that, as the mineral 
series of the two processes overlap, there must frequently be great 
diflicnlty experienced in distinguishing them, and the processes may in 
fact gradually merge into each other. Many of the products of the 
hydro-metamorphism have formerly been regarded as caused by sur- 
face decomposition or weathering. 

Another form of hydro-chemical alteration in which hydration plays 
the most important part is serpentinization, by which certain basic 
igneous rocks rich in magnesia may, over large areas and to great 
depth, be transformed into serpeutine. Being an essentially deep- 
seated process, serx>entinization should certainly not be referred to 
weathering. 

Still another form of chemical alteration is that effected by thermal 
ascending waters, and which may conveniently be designated hydro- 
thermal metamorphism. The results of this may vary considerably 
according to the composition of the waters. If gaseous compounds of 
sulphur associated with aqueous vapor are the chief agents, it should 
be referred to as solfatartc metamorphism. Under certain conditions 
the hydro-thermal metamorphism may be almost indistinguishable from 
the ordinary hydro chemical process, which indeed is to be expected. 

In the case of the gold quartz veins here descrit>ed, the waters were 
rich in carbon dioxide and snlphureted hydrogen, and the characteristic 
results of the intense metasomatic action are carbonates, muscovites, 
and pyrites. 

Finally, by another transformation certain rocks may recrystallize 
when in close proximity to hot, intrusive, igneous magmas, principally 
those in a state of aqueous fusion. This is contact metamorphtsmj and 
its products are generally characterized by the same aliotriomorphic, 
granular, fresh mosaic aggregate which characterizes the dynamo- 
chemical processes. The minerals formed are feldspar (chiefly albite), 
quartz, biotite, hornblende, pyroxene, andalusite, wollastonite, magne- 
tite, pyrrhotite, and others. While the dynamo chemical process tends 
to produce finer-grained aggregates than the original rock, contact 
metamorphism usually makes the texture coarser; this is illustrated by 
the contact near the Federal Loan mine. Nearly all sedimentary rocks 
and tufi's, as well as igneous rocks with a fine-grained groundmass, are 
subject to this alteration close to the contact, while coarser-grained 
igneous rocks appear to be but little affected; this is shown by the 
occurrence of fresh diabase close up to the granodiorite contacts. 

The processes here enumerated are doubtless the most important 
ones, and each is in its way distinct and characteristic. Still, many 
places occur where it may be doubtful to which of these causes the 
effects observe<l are due, and especially difficult is the task when, as 
BO often is the case, several kinds of metamorphism have successively 
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afi'ected the rocks. Among these doubtful cases must be counted the 
metamor[>hism of the Banner Hill breccias, with their abundant pyr- 
rhotite and new-formed aggregates of quartz and a mineral strongly 
resembling pyroxene. 

ALTERATION OF FELDSPAR IN THE ROCKS BY HYDRO-CHEMICAL 

PROCESSES. 

The orthoclase is, as a rule, far more resistant than the plagioclase. 
When it is altered the product is generally a white serieitic muscovite. 
Alteration to calcite has not been observed except in tbe vicinity of 
the veins. 

The secondary jiroducts in the soda-lime feldspars may be of differ- 
ent kinds, and, on the whole, those feldspars are very readily altered. 
Hornblende and epidote frequently develop in them; also, to some 
extent, biotite. The basic feldspars of the gabbros often break up into 
fine-grained saussuritic aggregates of zoisite and albite, but this ap- 
pears to belong in the realm of the dynamo-chemical processes. By 
far more common, however, is an alteration to products which very much 
resemble sericite, and the presence of this or a closely allied mineral 
can, indeed, in many cases be proved, even when the orthoclase in the 
same slide is not attacked. This is certainly curious, but, as is well 
known, Lemberg has shown by his analyses of decomposed plagioclases 
that, as a matter of fact, the final product is often rich in potassium. 
In many ot her cases there is, however, considerable doubt whether the 
new-formed mineral really is sericite or not. Being in very small par- 
ticles, it is difiicult to determine. The refraction is low and the double 
refraction strong, though not so strong as would be expected in musco- 
vite, and it is suggested that the resulting mineral might possibly be 
scapolite, a mineral known to occur as a product of alteration of 
feldspars. An extensive kaolinization of the feldspars has not been 
recognized, and probably does not occur below the zone of surface 
weathering. 

The only extensive occurrence of a kaolin-like mineral is that in the 
rhyolitic tuffs mentioned below. 

OCCURRENCE AND FORMATION OF IRON SULPHIDES IN THE 

ROCKS. 

Oeneral features. — Too little attention has been paid to the occurrence 
and genesis of pyrite and pyrrhotite, so common in the rocks of many 
districts. For the study of mineral deposits this subject has the deep- 
est interest, and it may therefore be of some value to summarize the 
results attained in regard to this during this investigation. 

Pyrite and pyrrhotite can be formed in many different ways, in fact 
by any of the i)rocesses above enumerated, except by weathering under 
ordinary atmospheric influences.^ And still the pyrite in the rocks, 

nt is recognized, of courtie, that the pyrite may bo fumMd at the surface in the pretence of strongly 
reducing influences. 
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when mentioned at all in descriptions, is often referred to as a product 
of weathering.^ 

Products of magmatic consolidation. — Pyrite and pyrrhotite may both 
be constituents of magmatic consolidation. Cogent proof of this is, of 
course, difficult to bring, and the fact is hardly yet quite universally 
recognized. The case recently described by Professor Vogt from Nor- 
way and the figures given here (figs. 2 and 3) from Grass Valley diabases 
leave, however, no room for doubt of primary origin. Besides the 
excellent occurrences in the Maryland and the North Star diabase area, 
these minerals have been so frequently fonnd in other rocks, chiefly 
diabasic or i)orphyritic, under circumstances which strongly suggest, 
though not positively prove, primary origin, that the proposition may 
be confidently advanced that there are, as a rule, accessory primary con- 
stituents of the rock. As distinct traces of copper have also been 
found in one of the above-mentioned fresh rocks, it may be regarded 
as probable that chalcopyrite also occurs as a primary constituent. 

Products of contact metamorphism, — Pyrrhotite has been recognized 
as an integral part of the allotriomorphic aggregates produced by con- 
tact metamorphism (Federal Loan area). 

Products of dynamo-chemical metamorphism. — In the metamorphic 
rocks produced from igneous and sedimentary material pyrite and pyr- 
rhotite have been observed as unquestionable constituents of the newly 
formed aggregates (Indian Flat amphibolite and Grass Valley quartzitic 
sandstone). Intergrowths of magnetite and pyrite are frequent. In 
certain amphibolitic schists in various parts of the Sierra Nevada large 
quantities of pyrite and chalcopyrite have been concentrated by these 
dynamo-chemiciil processes, forming the exact equivalents of the fre- 
quently described " fahlbands" from other parts of the world. It would 
seem suitable to reserve the designation fahlband for sulphides formed 
in schists by dynamo-chemical processes, thus not including in it schists 
altered by subsequent hydro-thermal action. These fahlbands some- 
times appear to contain some silver and a little gold. 

Products of common hydro-metamorphism. — Both pyrite and pyrrho- 
tite have been developed abundantly in rocks subjected to hydro-meta- 
morphism, and a little chalcopyrite has also been noted frequently. 
Developed in this way, the association with chlorite, as well as with 
epidote, appears characteristic. While the pyrite may occur as sharp 
crystals, it is more common to find it in anhedral grains often surrounded 
by chlorite rims. Pyrite and pyrrhotite often occur in intimate inter- 
growth with magnetite, and also filling seams and forming smaller 
segregated masses; pyrite and epidote are often found intergrown in 
this last-named manner. 

Products of hydro-thermal processes. — Extremely abundant is pyrite in 
the metasomatic rocks accompanying the veins and formed under the 

> G. H. Williams, Tho givenstone schist areaa of the Henominee and Marquette regioiis of Miohigan: 
Bull. U. S. Geol. Survey No. 62. p. 2U. • 
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influence of vein solutions. Pyrrhotite never occurs, while arsenical 
pyrites may be formed. Magnetite apparently can not be formed under 
the conditions prevailing in this process. Idiomorphic form, as sharply 
defined cubes, is most common. A frequently available criterion for 
the identification of the pyrite of this process is the narrow rims of 
calcite or quartz surrounding the crystals. Large cubes often occur 
developed porphyritically in rocks which have not otherwise been sub- 
jected to very intense hydro-thermal processes, and do not disturb the 
groundmass or crystals in which they are embedded. The process must 
be regarded as entirely one of substitution, or dissolving of the origi- 
nal substance and depositing in its stead the pyrite. The pyrite devel- 
oped in this way is generally confined to the vicinity of the vein. Large 
areas are not in this district affected by hydro-thermal processes. 

The cause of formation is in this case undoubtedly the action of the 
sulphureted hydrogen or alkaline sulphides in the water on the sili- 
cates and oxides of iron in the rock. 

In many cases, especially where several alterations have been super- 
imposed, it is of course extremely difficult to designate the exact mode 
of origin of the pyrite and pyrrhotite, but in typical cases these five 
modes of formation may be clearly distinguished. 

In the last ease there has clearly been an addition of sulphur to the 
rock; in dynamo chemical, contact metamorphic, and ordinary hydro- 
chemical processes it is not clear that any such addition has taken 
place. It is, perhaps, rather to be regarded as probable that the sul- 
phides have resulted from a concentration and recrystallization of the 
sulphur and the iron primarily contained both in sedimentary and igne- 
ous rocks. On this point it is, however, not easy to speak definitely. 
By preference pyrrhotite seems to form in the presence of very strong 
reducing influences. 

WEATHERING. 

Under the above name are included changes in cohesion and compo- 
sition wrought in the rocks near the surface, chiefly by the decomposing 
and oxidizing action of the percolating surface waters, partly also by 
the change of temperature. Most intense at the surface, the action 
gradually decreases downward, and, in most cases, practically ceases 
when the level of the ground water is attained, which suggests that it 
is largely due to the carbon dioxide and oxygen contained in the surface 
waters. The processes result in two zones, more or less imperfectly 
separated : First, the deeper and more extensive part in which incipient 
decomposition and hydration produce a disintegration ; the rock becomes 
soft and crumbling, but the chemical comiK)sition is not greatly altered.^ 
Second, a surface zone of extreme decomposition and oxidation, result- 
ing in the formation of a residuary soil. 

^ This fact has been broujirht out recently by Prof. G. P. Merrill in his interesting studies on the 
decomposition of rocks : Bull. Geol. Soc. Am., Vol. VI, 1895, p. 321 ; Vol. VII, 1896, p. 349. 
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In the districts here described nearly all of the rocks are more or less 
deeply affected by those processes which may together be described by 
the not very apt expression "weathering." Deep-red residuary soil 
covers large areas, and the disintegration is sometimes found to extend 
to a depth of 200 feet. The granodiorite, the diabase, and the porphy- 
rite, in some places also the audesite, are deeply affected^ while the 
serpentine, for instance, is far more resistant to the weathering influ- 
ences. The formation of such minerals as epidote and chlorite is here 
not considered as being due to the weathering, but to deep-seated 
processes. More detailed notes are found in the description of the 
different areas. 



CHAPTER YII. 

THE SUPERJACENT FORMATIONS. 

While it is not intended to treat the Neocene dej^sits in detail in this 
paper, their general character may be briefly indicated. 

AURIFEROUS GRAVELS. 

The auriferous gravels proper, resting directly on the surface of 
the bed-rock series along the depressions of the Neocene rivers and 
creeks, consist, in the larger channels, of well-rounded pebbles of quartz 
and harder rocks of the bed-rock series, between which lies moreorless 
sandy material. Although the gravel is largely quartzose, pebbles 
of other material are also plentiful. The size of the pebbles ranges 
from a fraction of an inch upward to cobblestones 6 or 8 inches in diam- 
eter, but the average size does not by far reach these dimensions. On 
the bed rock larger, partly rounded fragments occur occasionally. In 
the channels with granitic bed rock well-rounded bowlders several feet 
large are sometimes found in the bottom. In many of the tributary 
channels, such as the Harmony and the channel at the northwest end 
of Cement Hill, the gravel on the bed rock is partly angular and imper- 
fectly washed. In the Harmony channel bodies and streaks of bluish 
clay alternate with streaks of gravel near the bed rock (fig. 0, p. 100). 
In the upper part of the gravel the pebbles are generally extremely well 
rounded and polished, and black, siliceous rocks make up a large portion 
of them. The deepest gravel has generally a dark-gray or bluish color, 
and contains much pyrite or marcasite, sometimes auriferous; streaks 
of reddish gravel also occur in the deeper parts of the ma^s. Nearer 
the surface the gravel is generally of reddish color. Fluviatile strat- 
ification is of extremely common occurrence. Very little gravel occurs 
in the Banner Hill area, though the lower parts of now largely eroded 
Neocene streams doubtless contained much of it. Very little gravel is 
found in the Grass Valley area also, and in the southern part of the 
Nevada City area. The largest accumulations are found north of 
Nevada City, in the deepest parts of the ancient stream system, where 
they reach a maximum thickness of 175 feet at the Manzauita hydraulic 
cut (fig. 4, p. 98). The banks of Cement Hill show 60 feet of well-washed 
gravel, with excellent fluviatile structure. Fig. 6 (p. 99) shows a non- 
conformity observed in the bluff". 

17 GEOL, PT 2 7 97 
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RHYOLITIC TUFFS. 

At>oTe the nuriferoDB gravela lie, in the deeper parts of the deprea- 
BioDP, a series of ligbt-colored or white clayey or sandy rocks, more 
or less perfectly consolidated, and 
coumonlydeacribed as pii)eclity and 
saud. These are largely rhyolttio 
toU's, more or less pnre. Certain of 
the beds consist nearly exclusively 
of minnte fragments of glass, while 
others are so admised with mainly 
granitic detrituu as to nearly mask 
their tafiaceous character. The frag- 
ments, both of glass and of granitic 
minerals, are generally very sharp 
and angalar. Besides, bodies of 
gravel are also inelnded in tbetuffa- 
ceoas series, and, on the whole, it is 
impossible to draw a distinct line 
between the aariferous gravels and 
the rhyolitic tnlT's. Ou the south- 
ern face of Cement Hill the line be- 
tween the two formations is fairly 
sharp, separating CO feet of gravel 
from over ^00 feet of rbyolitic tuif. 
A little rhyolitic material is found 
in the sands of the main channels 
down to a distance of 40 feet, or even 
less, from the bed rock. The occur- 
rence of the rhyolitic tuff' is pi-ac- 
tically confined to the northern part 
uf the Banner Hill and Nevada City 
tracts. 

The composition of several tuff's 
and sandstones \» shown by the table 
on thenext page ; the partial analyses 
were made by Dr. H. N. Stokes. 

It is apparent that the purest tuff' 
bas very nearly the comiiositioD of 
a rhyolite. Grains and flakes of a 
brownish trauslacent iniuersl, with 
faint doable refraction, are abuo- 
dautly developed, especially in the 
rocks poor in alkalis. This is un- 
doubtedly the same kaolin mineral 
renognize<) by Mr. II. W. Turner in bis lone sandstone,' 

> fODrtMDtb Add. B«pt. U. 8. OeoL Sam;, Put II, ISH. p. 4H. 
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Table of partial analynei of clay 8^ samdBiones, and rhyoUtio tuffs. 
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17.33; 16.97 



.29 
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92.44 , 93.81 



.13 
.32 
.13 

80.25 



2 N. C. : OUIn mine. 2 fpt't above l>ed rock. Saudy cl«y oontainiof; no rhyolito fraf^^enU. 
5N. C.: 800 feet Houtli of Siigarloaf reservoir. Yellowiah luindatone with rhyolite fragnienta ; 100 
fe<*t abovn ImmI nx'k. 

7 N. C. : West Harmony drift mine, 4 feet above botl rock. Sandy clay ; no rhyolite fragmenta. 

8 N. C. : 850 feet west of West Harmony incline. Pure rhyolite tuff. 

10 N. ('. : Manzanita pit, 10 feet above be<l rock. White sandstone; a few rhyolite fragments. 

14 N. C. : Hydraulic pit, west of Olin mine. Crumbling white sandstone; a few rhyolite fragmonta. 

At the Cement Hill digging^) in the northwest corner of the Nevada 
City area, sandstones and gravel occur cemented by an almost pure, 
yellowish opal. 

ANDESITIC TUFFS. 

It has already been mentioned that the high, gently sloping ridges of 
these districts are covered by andesitic flows, and their general char- 
acter as tufls and tuffaceous breccias has also been described. As a 
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BED /foc/r. 

Fio. 5.— Blutr at hydniulic cut, near city reaerv'olr, Nevada CMty. 

nile, these flows consist of a detrital mass well cemented and made up 
of andesitic grains. Abundant angular or roughly rounded fragments 
of andesite of all sizes up to a foot or more in diameter are inclosed in 
this finer-grained mass. This andesite is of a gray to brown or reddish 
color, hardly ever greenish, and is usually distinctly porpliyritic, with 
small crystals of white feldspar and bla<;k augite or hornblende. As 
a rule, it has a rough, trachytii; appearance. Mica is rarely found. 
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Pyroxene (both aagite and liyperstlieiie) is almost invariably present. 
Black basaltic boniblende frequently occurs witb tbe pyroxene, aud 
usually in larger crystals. Tbe groundmass is partly glassy, or of a 
very fine grained, liolocrystalline strncture. Tbe thickness of the vol- 
canic flows ranges 
-^^ ^~^^ - ciAY from 400 feet in 

^ ■^ ^^=-~^~^^^ "in^ the Banner Ilill 

.;.ir,\'^-'7-" - "-~wV"i"rV;™ , district to about 

,-^V-J-r.i=-Y^'-isf;^ii-lU.*^/:r 2(Kt (feet in the 

s^&S Si?m t vjipi^tti^B z '.''iji^ifi. !.;,,„, . , Nevada City dia- 

6S£'^'^^ ^it'-%':'*g-vi-^: r /lV'-j-'i'-J^fc^^ ,, disintegrating ce- 

'-^"'■"^^^^^^' ^-^~^=r~Z=P'- ■ ■^■^^ , exprtsures unsat- 

::,r^£BLu^sj,W€L. iefa,.t«ry, and a 

deep, reddish soil 

^/SAAioyuA^, asuallycoversthe 

^^ topsof tbe ridges. 

■;::,„ This disiutegra- 

...wff^wattff fiM»« tion, and tbe ten- 

dency of tbe de- 

W/.aiM/mcB£Dnocif. eonijKiscd mate- 

PlQ.«.^S«tion«f bteut of wgrklatt.. West Hannony drift mine, 300 feel rial and rCBidual 

andesitic bowl- 
ders to slide downhill, often make the contacts with the underlyiDg for- 
mutions obscure and dilli<:iilt to trace. Good exposures are found in the 
vicinity of the Hartnouy gravel mines. The best exi>0Bure, though prac- 
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tically inaccessible, is in the bhilT of the Manzanita hydraulic pit north 
of Nevada City. Resting inicouformubly on the sloping surface of the 
white clays and sands, there are here at least four se[»arate flows of 
andesitic tuff, each 20 to 30 feet thick and separated by irregular, worn 
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surfaces. Tbo amouot of augular audeaitio l5^>den:s ib not conBtant, 
and some flowis consist entirely of the fine, detrital, (fttttieitting tuff. Of 
such cbaruvt^r are the tiill's oveilyiug the clays aud gi»iv^^jex[>osed in 
the hydraulic ■ " / 

pitjustuortliof S,E. ■-, /»*-yv 

Grass Valley. 
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Thealliiv 
de])Osils are of 
small extent, 
andconsiMtiirin- 
vi|ially of a f*^w 
fjraveltlatHHlong 
Deer Ureek, 

Little Deer Creek, and Wolf Creek. Many of these bwlies of gravel are 
formetl of deliris from hydraulic gravel itiiiies. 

Alluvial satnU and clays have lucunmhited in several swampy Hata 
to the south and southeast of Nevada City, aud also to some extent 
near the raee-tr:u-k. The largest alluvial deiKtsits lie in Deer Creek 
Ih^Iow tlie Providence mine, aud tmnsist of well-washe<l gnivel of quartz 
anil uietauioi'phic rockii, with some sand. They are made np largely of 
the debris from the e\ti-nsive hydraulic miues Just north of Nevada 

, _ City, which had 

^-^^_^^^_^^^^ ~ ^^^-^^^^ CLAr their ]inudpal 

/:,:;;iii:v:;: VV ■■ "-'-^"S' .,i„„„„„^ ctlet tUrough 

the first gulcb 
emptying into 
Woods Ravine 
froui the east. 
In the (Ira SB 
Valley district 
extensive flats 
of sand aud 
clay rwcnr on 
both branches 
of Wolf Creek 
above the city, 
and smaller 
gravi-l flats are found at intervals ahtug the creek below the city. In 
the southwestern ]mi't of tlie district there are at the headwaters of the 
gnh-liesa uninlier of shallow alluvial Hats of saud aud clay, usually of a 
marshy i'liara<'ter. The largest is found south of the Korth Star mine. 
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CHAPTER YIII. 

GEOLiOGICAT^ HISTORY. 

R^SUM^ OF HISTORY OF THE BED-ROCK SERIES. 

With tbe knowledge acquired by the preceding more detailed study, 
the history of tbe bed-rock series may now be briefly reviewed. 

The sedimentary series of the Calaveras formation are, without 
much doubt, the oldest rocks in the district. They comprise several 
subgroups of different character, and these may well be of consider- 
ably differing age. All that can be said definitely is that tliey antedate 
the Mariposa formation, and it is probable that they all are Paleozoic. 
No volcanic tuffs are found in these beds, though Paleozoic eruptives 
are known in this formation from other ])arts of the Sierra Nevada. 

The formation was folded and strongly compressed long before the 
igneous rocks now associated with it had made their appearance. In 
the formation there is absolutely no evidence of synclines or anticlines, 
the compression having evidently reduced the series to practically par- 
allel, extremely sharp folds, upon which a schistosity has generally been 
superimposed, in most cases apparently coinciding with the bedding. 
Subsequent intrusions have broken up this once-connected formation, 
and fragments of it are now contained in the later igneous rocks. 
The schistosity in the Calaveras formation of Nevada City and Grass 
Valley does not, then, necessarily correspond to the lines of disturbance 
in the bedrock series developed subsequent to the granitic intrusion. 

Then, after a considerable interval, probably followed the intrusions 
of the diorite-gabbropyroxenite group. The relations of this group 
to the other rocks is one of the doubtful points. On one hand, there 
seems to be an intimate relation between the granodiorite and the 
above-mentioned group, indicated by the occurrence of what nmy be 
transitions, and it is well known that the granodiorite may, close to 
the contact, pass into more basic allied rocks. Further, dike like 
masses of serpentine and gabbro occur in the diabase and porphyrite, 
and even in the Mariposa formation (short distance above the Wash- 
ington mine, upper Wolf Creek). On the other hand, there is clear 
evidence, from certain well-exposed places along the granodiorite- 
diorite contact, that the former is an intrusion into the latter, and there 
is excellent evidence afforded by dikes that the diabase and porphyrite 
are later than the diorite-gabbro group. On the whole, the probability 
is that the diorite gabbro group of this district is older than both the 
granodiorite and the diabase and porphyrite. It is probably of the 
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same age as the gabbroa and diorites of the foothills of Nevada County 
from Indian Springs northward, in which al»o dikes of diabase and 
allied porphyrites occur. 

No very satisfactory evidence has been obtained as to the sequence 
within the diorite gabbro group, but as far as it goes it seems to indi- 
cate that the basic rocks were the older and the more acid diorites the 
later parts of the intrusion. It is indeed not impossible that various 
parts of the gabbro and serpentine may be of difl'erent age, for it is 
well known that dikes of these rocks in other parts of the Sierra cut 
the Mariposa formation. In the text of the folio of the special sheets^ 
it has been stated that probably none of the igneous rocks are older 
than the Marii)Osa formation. It is, however, necessary to admit that 
this is a very doubtful \H)\nt in the case of thediorite-gabbro group. If 
the dikes of diabase and porphyrites occurring in it are contemporane- 
ous with those similar rocks accompanying the Mari]>osa formation, it 
is certain that the rocks of the dioritegabbro group at this vicinity 
were intruded before the Mariposa slates were deposited. 

After this the eruptions and intrusions of diabase and allied i)or- 
phyrites t(H)k place. This was not a local phenomenon, but similar 
igneous action occurred all along the foothills of the Sierra Nevada, 
resulting in the building up of volcanoes along the shore line to a height 
of many thousand leet above the present surface, only the interior parts 
and roots of which are now visible. During the earlier part of this 
widespread igneous action the late Jurassic Mariposa beds were laid 
down, and the tuifaceous rocks of this age contain abundant frag- 
ments of porphyritic rocks of an effusive type. The materials extruded 
during this period of intense volcanic action include, as is to be expected 
in a series of large volcanoes, rocks of both intrusive and effusive types, 
Basic nicks ])revail, ranging in composition from medium-grained dia- 
base to angite and hornblende porphyrites with cryptocrystalline 
groundmass; in the latter it is quite possible that some glass was once 
present, which is now devitrifted; an extensive devitrification can cer- 
tainly not be recognized. Hocks of m<»derate acidity occur to small 
extent in this igneous series, and are younger than the basic predom- 
inating rock, while very acid rocks or alkaline rocks are absent. Many 
of the eff'usive rm^ks correspond closely in mineralogical and chemical 
com])osition to the modern andesites. 

After the deposition of the Mariposa be-ds and the close of the acxM)m- 
panying igneous activity, followed the imjwrtant post-Mariposaorogenic 
disturbance. The Mariposa beds and tuffs were folded, compressed, 
and welded with the already compressed Calaveras fornmtion. The 
igneous rocks were over large areas crushed and rendered schistose by 
intense dynamo-chemical metamorphism, while other areas escaped the 
pressure, which was chiefly concentrated along certain lines and belts 
of shearing. Within this period falls the formation of the Indian Flat 
and the Brunswick amphibolite belts. 
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Now followed the last and farthest- reaching phase of igneous activity, 
in the form of the intrusion of enormous masses or batholites of grano- 
diorite in the range, tearing asunder the older rocks and bending and 
twisting the older schist masses. 

The intrusion must have taken place under great depth of overlying 
but now eroded rocks. Plainly shown as the fact is by geological 
investigation, the actual mechanical process almost surpasses our con- 
ception. In spite of the great pressure that must have been exerted 
by the intruding masses of granodiorite, it is not apparent that this 
pressure has produced any schistose structure on the surrounding 
rocks; the schistosity usually antedates the granitic intrusion, though 
in some cases it has been ])roduced subsequent to it. 

In this conne<;tion one fiict deserves to be emphasized: There is abso- 
lutely no evidence of fusion of the surrounding masses accompanying 
these gigantic intrusions of molten magma; it should be expected in 
the Sierra Nevada if anywhere, but except very locally it is not found. 
This, as well as many other facts, throws great doubt upon the theory 
of genesis of igneous rocks by the fusion of sediments, a theory not 
without its adherents at the present day. Smaller masses of more 
basic material are frequently found along the cx)ntact of the granodio- 
rite, showing evidence of earlier consolidation. Contact metamorpliism 
affected many of tlie surrounding rocks to a width of up to a thousand 
feet; still larger contactmetamorphic zones are found adjoining the 
large granite areas of the higher Sierra. 

The dynamo- metamorphic action continued after the intrusion of the 
granodiorite, but with less intensity, and evidences of this post-gran- 
itic disturbance are not noted in the special areas. Intrusions of small 
amounts of very acid, alkaline, and also of more basic magmas (aplitea, 
quartz-porphyries, and lamprophyric dike rocks), followed the main in- 
trusion of granodiorite and may be regarded as forms of differentiation 
of that magma. 

The last phase of the history of the bed-rock series is the formation 
by compressive stresses of an extensive series of joint systems and 
fissure systems of differing directions, generally not coinciding with 
the old lines of dynamic disturbance. Along these joints and fissures 
ascending thermal waters deposited the ores and alt/ered the country 
rock. Thus the hydrothermal metamorphism was the latest alteration 
to which the rocks have been subjected. Series of joints or sheeting 
parallel to the quartz veins are illustrated in PI. Ill, opposite, and fig. 10 
(1>. 183). 

The close of the granodioritic intrusion falls between the end of the 
Jurassic and the Chico Cretaceous, probably in the beginning of the 
Cretaceous period. At that time the Sierra Nevada must have formed a 
mountain range of imposing extent and elevation, in which the rocks 
now exposed at the surface were deeply buried. 
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HISTORY OF THE SUPERJACENT SERIES. 
THK GAP IN THE RECORD. 

After the time of granitic iutrnsious aud forinatiou of quartz veins 
followed a period, including the latter part of the Cretaceous and the 
beginning of the Tertiary, from which no geological records are pre- 
served, at least not in this vicinity. But there are indications elsewhere 
that the range during the whole time w as a land area, and that the 
mountains of the early Cretiiceous were subjected to long degradation, 
during which they were reduced at least to a condition of only moderate 
relief. Probably at the close of the Cretaceous the first break along 
the eastern margin took place, by which the Sierra Nevada was differ- 
entiated from the interior ])lateau and began to attain its present char- 
^teristic form. Erosion, invigorated, wore down broad valleys in the 
old plateau, and at some time during the beginning of the Neocene 
period the relative relief was such as the cast of the lavas covering it 
has largely preserved for our investigation to-day. 

THE NEOCENE BED-ROCK SURFACE. 

The Sierra Nevada was, in this latitude, a range of moderate height 
and relief, with a chain of prominent foothills, made up of the Jurassic 
lavas, with middle slopes characterized by broad river valleys and 
moderate relief, made up of the Calaveras slates, and with higher and 
more rugged summits made up of granitic rocks. Traces of the old 
Cretaceous plateau or the pre-Neocene peneplain are visible at intervals 
in the relief. 

Excellent opportunities are offered in this district to study more 
closely the old Neocene surface. The areas covered by the Neocene 
deposits are numerous. The elevations along the contact lines and the 
data available from the underground exploration of tlie auriferous 
channels afford sufficient materials from which to construct a contour 
map of the Neocene surface (PI. II). There are, of course, many spaces 
which must be filled in by suggestions obtained from adjacent areas, 
and many details maybe incorrect, but it is very certain that the plate 
gives a generally correct conception of the Neocene topography. Of 
course, the map is affected by any subsequent deformation or tilting 
that the old surlace may have undergone. Parts of the area where the 
data are insuffi(;ient have been left blank. The general features of 
the contour maj) show a prominent relief, but much less cut and sc^ored 
by deep creeks and ravines than the modern topography. Banner Hill, 
the Town Talk Ridge, and Osborne Hill were then, as now, salient 
I)oints of the topography. These eminences rose from several hundred 
to over a thousand feet above the deepest depressions. Banner Hill 
was, however, an unusually prominent point in this part of the compar- 
atively gentle middle slopes of the Neocene Sierra, its hard siliceous 
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breccias strongly resistiog disintegration. !N"orth of Banner Hill a 
prominent, bigh ridge of siliceous argillite divided the watershed of the 
Nevada basin from the main Yuba River, flowing from Scotts Flat 
northward toward Blue Tent and North Columbia. 

West of Town Talk the drainage was clearly westward, down toward 
Rough and Ready. The Grass Valley tract in its northern part was 
drained by the Alta channel, heading northeast of Osborne Hill. There 
is no evidence that the channel continued eastward to Buena Vista 
slide, as stated in a previous publication.' Good proof of this is fur- 
nished by the fact that the rhyolitic tutt' from the main Yuba channel 
also flooded the Buena Vista channel and the depression southwest of 
the Washington mine, but did not overflow into the basin of the Alta 
channel. 

In the Nevada City district it is clear that the main depression was 
in the vicinity of Nevada City, for there the accumulations of gravel, 
sand, and clay are deepest and the elevations of the bed rock lowest. 
Up toward the highlands of Town Talk and Banner Hill the depth of 
the material mentioned grows less, and at a certain elevation the ande- 
sitic tuft* rests directly on the bed rock. In the lower part of the basin 
the curious feature is presented of an almost continuous channel 4 miles 
long and practically level. 

From Pecks diggings, at the head of Native American Ravine, at 
the northwest corner of the Nevada City tract, where the elevation of 
lowest bed rock is 2,650 or 2,GG0 feet, there is without doubt a continu- 
ous channel to the Empire shaft, with a lowest bed-rock elevation of 
2,660 feet. Again, there is no reasonable doubt that the channel is 
continuous to the great hydraulic pits northwest of Nevada City, and 
here again the bed-rock elevation is 2,650 feet, even sinking to 2,625 
feet in the vicinity of the old Merrifield mine. From iiere the lowest 
channel continues eastward over the exposed bed rock of tlie hydraulic 
ground, at elevations ranging from 2,630 to 2,640 feet. Again, at the 
southern end of the Manzanitachannel the elevation is 2,645 feet. From 
the Manzanita pit the rich gravel on the bed rock, a few feet thick, has 
been drifted on up to the Odin mine, at which place the lowest bed 
rock is 2,655 feet. From the Odin incline the channel has been exten- 
sively ]>rospected in the belief that it connected with the Harmony 
channel under the lava hill. The channel is here wider and the gravel 
of lower grade than farther south. At the Howe cut, where the chan- 
nel emerges from under the ridge, the lowest bed rock has an elevation 
of 2,650 feet, though at the inner part of the cut a harder, granitic bed- 
rock le<lge rises to an elevation of 2,670 feet. Such local inequalities 
are often met with in the old channels. There is thus no decided evi- 
dence to be derived from the grades as to the direction of the old 
channel. 



1 Bull. Geol. Soo. Am., Vol. IV. p. 209. The channel at Buena Vista probably graded toward the east, 
to the main Yuba River. 
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Other facts show, however, that the Cement Hill channel, in the first 
place, must have flowed from the northwest to the southeast. First 
among them is the evidence from the gravel. At Peck's diggings there 
is only a few feet of imperfectly washed quartz gravel overlain by the 
clays and sandstones of the rhyolitic series, which here attain a depth 
of only 70 feet. At the diggings northwest of Nevada City the gravel 
is 60 feet deep, extremely well washed, and covered by from 150 to 200 
feet of light-colored rhyolitic beds. This alone shows plainly enough 
that the direction of the channel was southeasterly. Regarding the 
other part of the channel, it has generally been supposed that it came 
down from the north, and that, bending about near Nevada City, its 
now eroded lower course followed the present valley of Deer Creek 
westward toward Rough and Ready. At the first glance this not only 
seems plausible but actually sustained by the grade of the channels, 
but there are very cogent arguments against such a supposition. In 
the first place, as in this vicinity the period of erosion between the 
rhyolitic beds and the andesite is insignificant, it should confidently be 
expected that some of the rhyolitic material would be found in the 
neighborhood of Randolph House and Rough and Ready, southwest of 
Nevada (3ity, where fragments of channels are preserved. No such beds 
are, however, found there, the andesitic tuff resting directly on the bed 
rock or the gravel. On the other hand, presuming that the Manzanita 
channel did come from the nortii, we are confronted with the fact that the 
outlet of the Harmony channel at Laney's tunnel is somewhat lower 
than the bed rock at Howe cut, so that, on this supposition, in no way— 
the outlet being to the eastward of Howe cut — could any connection 
then have existed between these two channels. That the Harmony 
channel is continued toward the northwest to join the old Yuba River 
is clearly shown by the lower deposits at Round Mountain and the still 
lower fragment of channel preserved at Montezuma Hill. There would 
thus be no room left for headwaters of such a large channel as the Man- 
zanita, on the supposition that it came from the north. Furthermore, 
the Manzanita channel was extremely rich in coarse gold. To the north 
of it are no quartz veins worth mentioning, while immediately to the 
south of it are the rich veiu systems of Nevada City. On the west, 
toward the Providence mine, begin a series of much harder rocks, 
resistant to weathering, and which would easily form a barrier, just as 
the slate and <liabasc of Banner Hill, Fe<leral Loan, and Town Talk 
still form barriers to the east and south. 

The Manzanita channel then formed the central drainage of a fiat 
depression in the easily ennled granodiorite, surrounded on east, south, 
and west by an amphitheater of rising hills. This drainage is indeed 
the most natural one to be expected in a vicinity where the tendency to 
transverse drainage is not so strongly developed as on the tilted plain 
of the modern Sierra Nevada. It has been shown in a former paper^ 

» Bull. Geol. Soc. Am., VoL IV, p. 296. 
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that the fi:rades of the Neoceue river courses clearly indicate that such 
a tilting has taken place along an axis parallel to the crest of the Sierras, 
and that the amount of it, though not exactly regular over the whole 
slope, was GO or 70 feet per mile as a maximum. Applying this princi- 
ple to the Neocene drainage system of Nevada City, the difficulties are 
overcome, and the drainage becomes a very natural one. 

The Cement Uill channel, with a direction from northwest to south- 
east, had then, before the tilting, a grade of 60 to 70 feet to the mile. 
The partly eroded channel between the western end of the big hydraulic 
pits and the Manzanita pit, which now has a slight grade of 20 feet 
westward, had before the tilting a moderate grade of about 50 feet per 
mile eastward. The channel between the Manzanita and the Howe 
cut, now practically level (excepting the hard projecting ledge at the 
latter cut), and which runs nearly due north, had before the tilting a 
slight grade northward of about 20 feet i)er mile. 

From the Howe cut (elevation 2,650) to the lowest bed rock at Bound 
Mountain,' 2i miles due north, or 1 mile east of the line of tilting 
(elevation 2,625), there is a present grade of 10 feet per mile, which 
before the tilting was 30 feet per mile. 

From Bound Mountain to the lowest bed rock at Montezuma Hill 
(2,356 feet elevation, according to Pettee in Whitney's Auriferous 
Gravels), a distance of 2^ miles in a direction nearly due west, there is 
now a gra<le of 100 feet per mile, which before the tilting would have 
been 30 feet per mile. 

From Montezuma Hill down to French Corral, along Shady Creek 
and the present Yuba Kiver, the only way which the Manzanita River 
could have followed, is a distance of 6 miles, with a present grade of 
100 feet to the mile. 

The Harmony channel must have joined the Manzanita a mile or two 
north of the Howe cut. The Harmony, coming down in a westejly 
direction, has now a very st^ep grade of about 150 feet per mile from 
the East Harmony to Laney's tunnel. Before the tilting it had a grade 
of about 80 feet per mile. East of the East Harmony the grade 
increases rapidly a^ the high ridge of siliceous argillite is approached. 
It has been held by many that the Harmony channel continues an 
]n<lefinite tlistance n]) the ridge. This is impossible, as only a few 
miles eastward the deep Yuba channel, from South Flat to Blue Tent, 
crosses the ridge. The Harmony channel is well up toward head- 
waters, and under the Harmony ridge divides up into several branches. 
The subangular character of its gravel and the steep grades prove that 
the divide is not far distant. Its richness is not because of its being a 
main and important channel, but because of its crossing a system of 
rich quartz veins. It is barely possible that a deep gorge cuts through 
the ri<lge of siliceous rock and extends as far east as the Fountain 
Head, but it must be characterized as highly improbable. The vicinity 
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of the Fountain Head probably drained toward the main Yuba River 
eastward. There is, of course, no reason why auriferous channels 
should not be found on the east as well as on the west side of the 
divide. There is also a difference in elevation between the surfaces of 
the rhyolitic flows of from 200 to 300 feet between the vicinity of Cold 
Spring and Fountain Head. Such great <liflference would scarcely exist 
if there had been a communication between the two localities. 

Considering the subsequent tilting, the Neocene bed rock surface 
would originally have had a less sharp westward slope than is indi- 
cated on the map. Banner Hill, instead of rising to a height of 1,250 
feet above the Manzanita channel, as now, would have had a height 
of only 1,050 feet above that point. 

THE AURIFEROUS GRAVELS. 

Having thus examined the surface on which the Neocene deposits 
rested, it remains to outline briefly the events that caused its burial 
under Neocene sedimentary and igneous deiwsits. At a period imme- 
diately preceding the volcanic eruptions of rhyolite and andesite the 
accumulations of gravel were not deep at any i)art of this area, located 
well up on the ridges dividing the main drainage lines. Along these 
main rivers, and principally along the great longitudinal valley of the 
Yuba from You Bet up to North Columbia, masses of gravel several 
hundred feet in depth had accumulated. One (though not the only) of 
the principal causes of this exceptionally heavy gravel mass is to be 
found in the fact that the Yuba River, flowing on the middle slopes in 
a broad and open valley, had to turn and force its way through the 
foothill range of Jurassic lavas in a relatively deep and narrow canyon, 
almost as deep as that of to-day and well shown by the present rela- 
tions at Smartsville. This foothill range acted as a barrier, restraining 
the gravel masses in the open valleys of the middle slopes. In the 
Nevada City area the prevolcanic gravels reached the greatest depths 
along the Manzanita channel, and it is doubtful whether they have at 
any place exceeded a thickness of 40 feet. Rhyolitic fragments are 
found at that elevation above the bed rock, and even lower. It is 
doubtful whether the gravels, 60 feet thick, of the hydraulic pits north- 
west of the city are antevolcanic; the gravel is different from that 
generally found in the deepest parts of the Neocene channels, and 
has more the appearance of the extremely well- washed "black gravel" 
which appears at the higher elevation and which belongs in the rhyo- 
litic period. Outside of the main drainage channel there was only a 
few feet of gravel on the bed rock along the streams, and in by far the 
greatest number of exposures the andesite or rhyolite rests directly on 
the bed rock. There is no reason to believe that the antevolcanic 
gravel in this vicinity antedates the Neocene period. 
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THE VOLCANIC FLOWS. 

Sucli were the coDditioDS when eruptious of enormous masses of 
rhyolitic tuffs began on the headwaters of the Neocene Yuba River. 
Their general character has been referred to above. It is probable 
that they were erupted as nuid-flows, emerging from the crater mingled 
with much water, and that there was not only one but a long series of 
flows, in the intervals between which the older flows were to some 
extent worked over by the running water and interstratified with clay, 
sand, and gravels of local origin. These rhyolitic flows, 200 to 300 
feet thick, are well exposed at Alta, on the Central Pacific Railroad, 
and at Chalk Bluff*, near You Bet. At the latter place an extensive 
Neocene flora was collected by Mr. C. I). Voy and examined by Prof. L. 
Lesquereux.* The rhyolitic flows of Nevada City are the exact strati- 
graphic equivalent of the rhyolite tuff" of Chalk Bluff's, and there can 
thus be no doubt about their age. Leaves similar to those of Chalk 
Bluff's occur at many places in the vicinity of the Manzanita channel, 
and with some trouble it may well be possible to obtain a good 
collection. 

The tuff's are well exposed at Quaker Hill and Scotts Flat, farther 
down the Neocene river, and again on ihe north side of the Washing- 
ton ridge at Blue Tent, at which x>lBce they are several hundred feet 
thick, the top stratum attaining an elevation of 3,000 feet. Near the 
place where the upper North Bloom field road crosses Rock Creek, there 
was a low gap in the ridge between the main Yuba and the Nevada 
City basin ; through this gap the rhyolitic tuffs poured into the gra- 
nitic basin. It appears as if north of Blue Tent there was an obstacle, 
such a^ a narrowing valley, forcing the masses over the low divide in 
the adjacent drainage. The first flows found their way down into the 
Harmony and lower Manzanita channels, causing a damming of the lat- 
ter, which again, of course, produced accumulation of sand and gravels 
in the upper part about Nevada City, and to this damming it is believed 
the heavy gravels of the Manzanita cut and Cement Hill are due. Sub- 
sequent flows found their way down to Round Mountain and Montezuma 
Hill, obstructing the channels to still greater extent. At last the whole 
of the lower part of the Nevada City basin became filled. The eleva- 
tions of the top layers now range from 3,100 feet on the eastern side of 
the basin to 2,740 feet at the northwestern corner of the Nevada City 
tract, a distance of 5 miles from east to west. It will be noticed that 
on the supposition of a tilting of 70 feet per mile the surface would 
once, over this distance, have been approximately level, and about at 
the same level as the top stratum of the rhyolitic tuff at Blue Tent. 



■The exact locality seems a matter of some doubt. It is not now acceaaible, having been covered 
by hydraulic debris. Professor Whitney states that the matrix is a rhyolitic tufl^ but in the few 
specimens I examined, by the courtesy of Prof. A. C. Lawson, of Ilerkeley, the rhyolitic character is 
not clearly apparent under the microscope. At the locality I was told that the leaves were found in 
clay Just below the white tuff and at the top of the extensive bench gravels of You Bet, several hun- 
dred feet above the bottom of the deepest channel. 
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The rhyolitic tuffs did not reach the southern and highest part of the 
Nevada City basin, nor did they overflow into the Town Talk or Grass 
Valley channel. To the east of the Neocene divide, rising along the 
eastern margin of the Grass Valley tract, the rhyolitic flows again 
appear, having reached there from the vicinity of You Bet. The divide 
was, however, just high enough to prevent this overflowing into the 
Alta channel. 

As may be seen by tracing the contacts of andesite and rhyolite, the 
surface was not even, but subjected to some eroding action in the inter- 
val between the two eruptions; but it was not extensive enough to 
produce any marked change. In fact, those intervolcanic channels, 
cutting far down into the rhyolite, and even into the underlying bed rock, 
which are so characteristic of the vicinity of Forest Hill, Placerville, 
and Mokelumne Hill in the drainage of the Neocene American and 
Mokelumne rivers, are practically absent on the main Yuba, although 
on the headwaters of the North Yuba, near Forest City, they appear 
again. This is evidently caused by a diftering time interval between 
the two eruptions; in this vicinity the first andesitic flow from the Lola 
an<l Castle Peak volcanoes followed closely after the last eruption of 
rhyolitic tuff. 

During the latter part of the rhyolitic period many divides were 
flooded and the drainage was partly changed. The great Neocene oro- 
genic movement of the Sierra probably took place between the rhyolitic 
and the andesitic eruptions, as is evidenced by the intensely eroding 
character of the cement channels or intervolcanic channels. A tilting 
took place, elevating the eastern part of the range most strongly and 
the western ])art but little. Flows of andesite tuffs, emerging from the 
craters as a mud, poured down the flanks of the Sierra in rapid succes- 
sion, obliterating the old drainage and flooding many of the divides. 
Banner Hill and Osborne Hill alone emerging from the desolate lava 
plateau in this vicinity. On this inclined lava plain the rivers had to 
select new courses, in general differing ccmsiderably from the old ones. 
The i)rescnt drainage was developed, characterized more than the 
Neocene by a transverse direction of the rivers. 



CHAPTER IX. 

THE ORES. 

GENERAL FEATURES OF THE GOLD-QUARTZ VEINS. 

Although gold 18 very widely distribated over the Sierra Nevada 
in veins aud placer mines, there is uo other part of it which shows 
such a concentration of valuable deposits within a narrowly circum- 
scribed area as occurs in the districts here discussed. Almost the only 
form which the primary deposits of the bed-rock series present in this 
locality is that of quartz veins, consisting of fissures of somewhat dif- 
ferent though closely related character, filled more or less continuously 
by quartz carrying native gold and auriferous metallic sulphides. These 
fissures, belonging to several systems, are usually traceable on the sur- 
face by means of the often harder, projecting quartz croppings, aud 
attain a maximum length of a few miles; by far the most, however, 
can be traced onl v a few hundred or a thousand feet. In some localities 
the extremely decomposed surface rock and the narrow character of the 
veins remler the tracing of the outcrop a most difiicult undertaking, 
in which the miner's pan is an indispensable adjunct, for all quartz in 
these districts contains gold, though it may be present in very small 
quantities. 

There is in some quarters a widespread belief that the veins of 
Nevada City and Grass Valley are in some way connected with the long, 
continuous linked veins of the Mother lode. This is a mistake, for the 
last branches of that vein system are found about 20 miles south of 
Grass Valley, and, moreover, the veins of Grass Valley and Nevada 
City differ considerably in their general character from the veins of the 
Mother lode. 

With some notable exceptions they are narrow and produce a com- 
paratively high grade of ore. They (*ontain, as a rule, a much larger 
per cent of gold than of silver (by weight); the free gold is the most 
imi)ortant constituent in the depth as well as on the surface, but besides 
there is a variable amount of gold and silver in the sulphurets.* The 
strike varies to all points of the compass; the dip is usually flat and 
also equally variable in direction. With all these different directions 
it is, however, easy to distinguish two main systems, north-south and 



1 Thin word, extensively ummI in the niinint; regions, has been adopted in thin report to designate all 
the metallic miueralit ocenrring on the gold veins excepting the native gold, thus including the simple 
and compound sulphides aud arHcnidea as well as tellurides. 
112 
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east- west veins. In the former syHteui the veins may dip either east or 
west; in the hitter, north or south. 

The mines of the Grass Valley district have been and are especially 
productive; next in production follows the Nevada City district, and 
the Banner Hill <listrict <*omes third. A large proportion of the pro- 
du<;tion has been derived from a few prominent veins, such as the 
Eureka-Idaho, Rocky Bar, North Star, Empire, and Providence. 

A type of veins different from the ordinary goUI-quartz veins, though 
not of much practical importance, o<;curs in Grass Valley, and is charac- 
terized by pyrrhotite and chalcopyrite in a gangue of calcite, quartz, and 
feldspar. (Se(» Crown Point mine, detailed description, Chapter XVI.) 

OTHER DEPOSITS. 

Though the quartz veins in their <lifferent forms ccmstitute the only 
primary gold <l(»posits of the districts under consideration, there are 
in Nevada County a few somewhat differing types of deposits of 
which brief mention may be made. The Pine Hill gold deposit,* about 
10 miles south of Grass N'alley, is characterized by a zone of intense 
thermal decomposition resulting in the formation of kaolin, a mineral 
practically unknown from Neva<la City and Grass Valley, as well as 
masses of secondary (juartz resulting from the decomposition of the 
porphyrite in the vicinity. There are abundant veins of barite, also 
unknown from the mentioned <listricts, and a little pyrite. The finely 
distributed gold contains mu«h silver. This deposit has doubtless 
been formed by chemical action widely dift'erent from that character 
izing the normal veins. 

From Sweetland, a town on the ridge between the Middle and South 
Yuba, there extends down to the Yuba River, northwest of Nevada 
City, a narrow belt of tine-grained, amphibolitic slates altered to seri- 
citic schists containing abundant pyrite. This pyrite carries gold, 
which is set free by surface decomposition; the rock has been mined 
and milled at the Boss mine near Sweetland. The streak is well 
exposed on the Yuba River. This process again would, on the whole, 
seem to have been identical with that by which the normal veins have 
been formed, and the only difference is that, in the case of the Boss 
schists, practically no quartz has been deposited, the solutions pene- 
trating the schists, which were crushed to some extent, but without 
any notable open spaces. 

Another streak along which impregnation of auriferous iron pyrites 
has taken i)lace extends in the acid granodiorite and allied rocks 
from near French Corral across the Yuba River at the mouth of Owl 
Creek.^ Here, too, the decomposed rock has been mined and milled, 
though of very low gra<le. The mineralogical character of this zone 
appears different; there is no extreme thermal decomposition of the 



« Aiu. Joar.Sci., Vol. XLII. 1K92, ]>. ft2. 

»Cr. (;tM»loKio AflaH of the United Stuten, Folio No. 18, Smarts villc. C«l. 

17 (JEOL, 1»T 2 8 
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rock, which is impregnated with pyrite in grains and along seams, and 
there is apparently no notable development of sericite. Instead, the 
pyrite appears to be connected with epidote, which would show a closer 
connection of this deposit with the general metumorphism than with 
the vein deposits in which epidote is unknown. 

MINERALOGY OF THE VEINS. 
GANGUE MINERALS. 

Quartz. — The quartz occurring on the veins is generally massive, of 
a milky- white color and a luster between glassy and fatty. A grayish, 
very ghissy quartz is considered an indication of poor ore. This 
milky-white quartz is, as thin sections show, usually made up of large, 
very irregular grains, occasionally with partly developed crystal faces. 
Sometimes the crystal faces show more plainly, and from this there are 
transitions to the well-known interlocking comb structure. This, how- 
ever, in its typical form, is not very common. In the Osborne Hill and 
Centennial mines a radial structure of the massive quartz is sometimes 
noted. Fluid inclusions are abundant, though small, and usually irreg- 
uhirly distributed. Well developed crystals are not common, and are 
chietly found in small cavities or vugs in the massive quartz. Certain 
veins, such as the Granite Hill, are of very drusy character, long, imper- 
fect crystals coating the walls and radiating from fragments of the 
(jountry rock. All of the ore minerals subsequently to be described 
occur as inclusions in the quartz. 

Opal and chalcedonite. — In several mines small quantities of a brown- 
ish chalcedonit^, extremely tine grained in structure, occur with the 
quartz. Often it is of such deep-brown color as to be hardly translu- 
cent in thin section. It is found as irregular masses in the quartz, or 
as veinlets cutting through it, or again, as at the Osborne Hill mine, 
filling cavities and surrounding projecting quartz crystals. Gold 
directly embe<lded in the chalcedonite has been found on the 600-foot 
level in the Rush and Laton shoot. Empire mine, and 140 feet below 
the surface in the Hudson Bay shaft. Professor Blake reports *' gray- 
ish-blue or white opal, probably allied to cacholong," from the North 
Star mine,' while Professor Silliinan mentions chalcedony from Massa- 
chusetts Hill, Allison Ranch, Kate Hayes, and Eureka mines.' 

Calcite. — Calcite occurs in small quantities on every vein in the dis- 
trict. In the decomposed country rock adjoining the vein it is very 
abundant, though always in massive granular form. In the quartz it 
occurs frequently as small particles not easily visible to the naked eye; 
occasionally, also, as larger masses, of white color, breaking into good- 
sized cleavage ]>ieces — for instance, in the S])ani8h mine and in the 
South Idaho. Crystallized calcite is occasionally found in cavities in 



» Taciflc KailnMid Report, Vol. V. p. 288. 
SAm.Juur.Soi., Vul. XLlV.18U7,p.230. 
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the quartz; small Bcalenohedrons (Bd) were noted from the Providence 
mine; larger, short, and thick crystals, combination of — ^R and a steep 
Bcalenohedron, with several subordinate faces, occur m the Empire 
mine, twentieth level. 

The calcite in the wall rock of the vein generally contains some iron 
and magnesium. 

Magnesite occurs nearly pure, as a product of alteration of serpen- 
tine, in the Idaho and Maryland mines. 

Sericite, — This is a form of muscovite, or white mica, extremely com- 
mon as microscopic aggregates in the altered wall rock, but the indi- 
vidual foils are hardly ever visible to the naked eye. The white color 
and greasy feel of many of the altered wall rocks are due to this 
mineral. 

Mariposite. — This is a bright green, foliated mineral closely allied to 
muscovite. The green color is due to a small percentage of chromium. 
It occurs in small quantities in magnesite or quartz in the Idaho- 
Maryland mine. A little of it was also noted from the Providence mine. 
Generally it appears to be a product of alteration of serpentine.* There 
appears to be no good reason for separating it from fuchsite or chro- 
miferous muscovite. 

Scheelite. — This mineral, a tungstate of calcium, is stated to have 
occurred in considerable quantities in the foot wall of a mine on How- 
ard Hill, Grass Valley.* This is interesting, if authentic, being the 
only occurrence of tungsten in the district, 

ORE MINERALS. 

Native gold, — Metallic gold is contained in all quartz veins of this 
region in smaller or larger quantities. The most common form in 
which the gold appears is that of minute flakes and particles, as a rule 
not visible to the naked eye. To this there are, however, numerous 
exceptions. In several mines a large part of the gold is in the form 
of larger leaves, sheets, or masses. The (xrass Valley veins carry, as 
a rule, more coarse gold than those of the Nevada City tract. A small 
vein will usually carry more coarse gold than a large one, and in cer- 
tain seam mines the gold may occasionally appear as a sheet filling 
the entire seam, with but little quartz. Massachusetts Hill and Gold 
Hill, Grass Valley, were noted for the heavy masses of gold extracted 
from their veins. A specimen from the Crown Point mine, Grass 
Valley, contained in a 3 or 4 inch vein of quartz and calcite in serpen- 
tine at least $200 in heavy, massive gold. The coarse gold is rarely 
crystallized, and the forms, where occurring, are rude and distorted. 
Beautiful leaf gold sometimes occurs in cavities coated with quartz 
crystals; for instance, in the Granite Hill vein. Grass Valley. Mr. Mel- 
ville Atwood states ^ that in 1859, in the mine of North Gold Hill, he 

'For analysU, by Hillebrand, see H. W. Tamer's article on the gold ores of California, in Am. Joor. 
Sci., Vol. XLIX, May, 1896. 
'Fourth Ann. Kept. State Mineralogist of California, p. 353. 
■Eighth Ann. Kept State Mineralogist, p. 774. 
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took out a pocket of raaiiy thousand dollars' worth of gold, all in leaf- 
shape form, with beautiful quartz crystals, and they were all embedded 
in a decomposed ferruginous matter. The gold is chiefly contained in 
the quartz; only once, in a specimen from the South Idaho mine, was 
it not^d in calcite. Occasionally, but very rarely, visible particles of 
it occur in the altered wall rock a<\joining the veins. 

A close association of the gold with the patches of sulphides occur- 
ring in the quartz is often noted, and sections will often reveal larger 
and smaller irregular particles of gold contained in the galena, iron 
pyrites, arsenical i)yrites, zincblende, or tellurides.* (PI. V, tig. c.) 
Generally, however, the sulpharets are auriferous even when it is 
impossible to detect any metallic gold in them with the microscope. It 
is probable that the gold is here, as in the quartz, in a metallic state, 
distributed in extremely minute particles. 

All quartz gold contains, as is well known, alloyed silver. In the 
majority of the veins of this district the fineness ranges from 800 to 
860. Jn the Willow Valley east-west veins the amalgamated bullion is 
less pure, generally about 750 fine. In Canada Hill the gold averages 
730. In the Lecompton and the Federal Loan mines the bullion has 
been observed as low as 050 and 670. This should probably not be 
taken to indicate that the native gold contains 350 parts of silver, for 
the ore may have contained easily amalgamated, rich silver minerals, 
and arsenic and antimony may also be contained in the bullion. In 
fact, a specimen from the Beckman vein, at Canada Hill, of which the 
amalgamated bullion is only 750 fine, contained abundant, easily visible, 
bright-yellow gold equally distributed in the quartz, galena, and blende. 

The North Star vein, as well as the veins of Massachusetts Hill and 
Gold Hill, contains high-grade gold, averaging 850 and sometimes 
reaching 875.^ The Seven- thirty mine reports gold 950 fine, which is 
very unusual. The Merrifleld and Providence veins contain gold aver 
aging 800 fine. In the Osborne Hill veins, which carry much arsen- 
ical pyrites, the gold averages 760 to 775. In the P]mpire mine, belong- 
ing to the same system, the fineness is about 800. In the Eureka- Idaho 
vein it is 848. 

Electrum, a ])ale colored alloy of gold and silver, with more than 25 
per cent of the latter metal, has not been noted. 

Oold amalgam. — Mr. C. Hesse, superintendent of the Odin drift mine, 
obtained from samples of fresh undisturbed gravel, taken on the bed 
rock of the channel and washed in the pan, a number of small but 
well-rounded, white, metallic grains, associated with the gold, and which 
proved to be gold amalgam. Its occurrence and appearance admitted 
of but one explanation — that it had the same origin as the gold and 
once occurred in a quartz vein of the vicinity. Some of the flat, rounded 
grains consisted, as shown under the microscoi>e, partly of gold, partly 
of amalgam. 

iGold in pyrites and galena note<l from the Omaha mine: gold in anenopyrito noted from the Betsy 
mine ; gold in zincblende noted from the Mayflower and Grant mines ; gold in altaite noted fttun the 
Providence mine. 

> Compare Fourth Ann. Kept. State Mineralogist, p. 222. 
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Tellurimn minerals. — ^Tellurides are probably more common than has 
been suspected, but it is only rarely that they occur in quantities large 
enough to be mineralogically determined. 

A telluride of silver, presumably hessite, lead-gray, soft, and some- 
what sectile, was identified by Dr. W. F. Hillebrand in a specimen from 
the Nevada City mine, occurring with pyrite, galena, and native gold. 

Altaiie^ a telluride of lead and silver, tin-white, with a yellowish 
tinge and seciile, was also identified by Dr. Hillebrand from the Provi- 
dence mine. It occurred in considerable quantities as a bunch in the 
Ural vein of that mine, in the stopes between the 600- foot and 1,200-foot 
levels. It was associated with quartz, pyrite, galena, and abundant 
native gold, the latter iutergrown with the tellurium mineral. 

In testing samples of the concentrated sulphurets from several mines 
for tellurium, a negative result was usually obtained. The element was 
found in small quantities in the concentrates of the Nevada City and 
Providence mines. A remarkably large percentage of tellurium was 
found in the Idaho-Maryland concentrates, amounting to 0.03 per cent; 
there have been no tellurides noticed thus far in the ores of that mine. 
Tellurium is also said to occur in the ore of the Charonnat or Canada 
Hill mine. 

Tetrndymite^ or telluride of bismuth, is doubtfully reported from the 
Murchie mine,^ and Mr. J. J. Ott, of Nevada City, states that a tellu- 
rium mineral was certainly found at that mine. It is worthy of note 
in this connection that a small quantity of bismuth was found in the 
concentrates from the Providence mine. 

Pyrite. — ^This mineral occurs on practically every vein in the district, 
both in the quartz and in the altered country rock. In the quartz the 
mineral is usually found in massive form, iutergrown, without recog- 
nizable succession, with other metallic minerals. Imperfect crystal 
forms are often recognized, though well-developed crystals occurring 
in cavities are rather uncommon. The forms shown are always a com- 
bination of cube and i)entagonal dodecahedron. In the altered wall 
rocks sharp, though usually small, crystals are extremely common, and 
the cubical form predominates. Excellent and sharp cubical crystals 
up to 1 cm. in diameter occur in a soft chloritic rock on the dump of a 
shaft on the Kentucky claim, some distance east of the Maryland. 
Pyrite is the most abundant of the *' sulphurets" in the quartz veins, 
and generally makes uf) from 80 to 90 per cent of the concentrates. 

Small masses of i)yrite, intergrown with epidote and magnetite, occur 
in diabase in the tunnel on the Star Placer mine, west bank of Wolf 
Creek just above the Omaha mine. 

Marcasite. — This mineral, the orthorhombic form of iron disulphide, 
does not appear to occur in the quartz veins. A very pale yellow 
pyritic mineral found on the dump of a tunnel 1,800 feet south of the 
Golden Treasure mine was at first thought to be marcasite, and a 
statement to this effect was made in a paper on the ^' Characteristic 



Se« Eighth Kept. SUte MineraloglHt. 
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features of California f^old-quartz veins.^ * Professor Penfield, to whom 
the specimen was shown, considered it, however, as pyrite with a marked 
octahedral parting, and Professor Pirsson kindly measured the frag- 
ments, finding angles closely approaching those of the octahedron. 
Such an octahedral parting has not been previously observed in pyrite. 

In the blue gravel from the bottom of the Neocene channels concre- 
tions of iron disulphide often occur, sometimes cementing quartz grains 
and pebbles. From the pale color and strong tendency to decomposi- 
tion exhibited, it is probable that this is marcasite. 

Pyrrhotife. — This mineral, also known as magnetic pyrite, occurs 
sparingly, but not, so far as known, on any of the normal gold-quartz 
veins in this district. It is contained as a primary constituent in cer- 
tain diabases of Grass Valley, and as a secondary mineral impregnat- 
ing many metamorphosed rocks (in hornfels near the Federal Loan, in 
porphyrite-breccia on Banner Hill). Larger masses of it were found 
in a seam a short distance north of the Crown Point mine. It is here 
associated with chalcopyrite, pyrite, and calcite, with very little quartz. 
According to Dr. Uillebrand, it contains only a trace of nickel. 

Clialcopyrite. — ^Nearly all of the quartz veins contain this mineral, but 
only in small quantities. It rarely makes up more than 3 per cent of 
the sulphurets in the quartz. The Providence, Champion, and Nevada 
City mines, and especially the Idaho-Maryland, carry the largest quan- 
tities of it. It is very rarely (irystallized. A little chalcopyrite is also 
found disseminated in certain metamorphosed diabases and porphyrites. 

Galena. — ^This is almost universally present in quantities about equal 
to the chalcopyiite. It forms grains and irregular masses in the quartz, 
and is rarely if ever found crystallized. It is frequently rich in gold, 
and is always considered a ^^ good indication.'' 

Sphalerite (zincblende). — This mineral is extremely common, and 
occurs in the quartz on almost every vein in the district. The Provi- 
dence concentrated sulphurets contain 1.6 per cent of zincblende, and 
in the Beckman vein, Canada Hill, the percentage is still greater. The 
Idaho-Maryland vein, on the other hand, contains extremely little of 
this mineral. The zincblende is usually black, with a greenish tinge. 
In the Alpine tunnel, Canada Hill, a pale-yellow variety occurs, together 
with the former. In the Beckman vein and in the Osborne Hill mine 
the blende is reddish-brown, and often very rich in gold. 

Arseiiopyriie. — This mineral is very common, but somewhat irregu- 
larly distributed. It occurs both in the quartz and in the adjoining 
altered country rock, and seems, in fact, to prefer the latter. When in 
larger accumulations it is mostly massive, but it exhibits a great ten- 
dency to form minute and extremely sharp crystals when occurring dis- 
seminated in the country rock or in the quartz. Beautiful, though 
small, crystals, long and slender and formed by a combination of prism 
and base, are found in the Osborne Hill vein. Most of the veins in the 
Banner Hill tract contain abundant arsenopyrite, the Federal Loan 



1 BnlL GeoL Soc. Am., VoL VI, p. 281. 
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leading, with about 18 per cent in the concentrated siilphnrets. On 
the other hand, the Providence-Champion-Nevada City complex of 
veins carries very little of this mineral, a sample of Providence con- 
centrates containing only 0.012 per cent. In the Grass Valley tract the 
percentage of arsenopyrite in the veins is usually very small, excepting 
the Osborne Hill system, which, from the Orleans mine south, carries 
considerable quantities of it. The veins of Forest Springs, 4 miles 
south of Grass Valley, also carry much arsenopyrite. 

Pyrargyrite, steplianite, and argentite. — These rich silver minerals 
have been identified in a specimen from the Allison Eanch mine, in the 
United States National Museum (No. 14967). Besides these minerals, 
the specimen contains much pyrite, chalcopyrite, and galena. Pyrar- 
gyrite has also been found in the Central mine, south of Banner Bill. 
The relatively large quantity of silver found in the concentrates of cer- 
tain other mines, for example, the Providence, Champion, and North 
Banner, indicates the possibility of rich silver minerals occurring in a 
finely divided state in them. 

Tetrahedrite (fahlerz), — On a vertical cross- vein cutting across the 
Osborne Hill vein, near the shaft, on the fourth and fifth levels, a heavy 
mass of tetrahedrite was found carrying 1 per cent of silver. The 
mineral was associated with yellow zincbleude and chalcopyrite. It is 
also reported from the North Banner mine,* and probably occurs in 
small quantities in many other mines in the Banner Hill and Willow 
Valley districts. 

Molybdenite. — In the California gold-quartz mines this mineral is by 
no means uncommon. It has been found, inclosed in quartz, in the 
North Banner mine; in a nameless vein, nearly barren of gold, in the 
Mayflower ground; and in the Merrifield and Ural veins, at the Provi- 
dence, Champion, and Nevada City mines. It usually forms bunches, 
and is apparently not intimately associated with the other sulphurets; 
it is not known to be auriferous. When occurring abundantly it makes 
the pulp in the battery black and slimy, and interferes with the amal- 
gamation on the plates. It is easily mistaken for graphite. 

Cinnabar. — While no cinnabar has yet been found in any quartz vein 
of the district, the fact deserves mention that according to Mr. J. J. 
Ott, of Nevada City, grains and pebbles of this mineral were at one 
time found in the sluice boxes of the Manzanita hydraulic mine. Taken 
in connection with the above-mentioned occurrence of amalgam, it may 
be considered certain that one or several of the veins in the Nevada 
City tract contained quicksilver. The association of quicksilver and 
gold has frequently been noted in the Gold Belt. 

PBODTTCTS OF SURFACE DECOMPOSITION. 

Limonitej or brown iron ore, is common in the decomposed quartz of 
the upper levels in most of the mines. As is well known, it is a result 
of the surface decomposition of pyrite. 

> Eighth Add. Kept. State Mineralogiiit. p. 421. 
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A hydrous sulphate of aluminum occurs as a deposit from spring 
waters iu the Providence drain tannel, in part colored blue by copper. 

Azttrite and malachite result occasionally from the decomposition of 
cbalcopyrite. 

MINERALS NOT CONNECTED WITH THE QUARTZ VEINS. 

Copper. — Metallic copper in small rounded crystals was also found in 
the gravel of the Odin mine. The crystal form indicates that the copper 
was probably precipitated from solution by reducing influences in the 
blue gravel and the crystals formed in the gravel. Whitney^ mentions 
native copper oe>curring in the Tertiary channels. 

Magnetite. — A small deposit of magnetite with some quartz is found 
in the diabase, near the granodiorite conta<;t, 4,000 feet east of the 
Omaha mine, in Diamond Creek. The exact nature and extent have 
not been ascertained. There are within the foothills of the Sierra 
Nevada several similar deposits, some of large size, and always occurring 
in diabase or slate, close to the contact with the intrusive rock. These 
occurrences are probably in genetical connection with the intrusive 
rock and possibly formed by contactmetamorphic action. 

Scattered fragments of magnetite are also found near the dry reser- 
voir 1,700 feet east of the railroad station at Grass Valley, and not far 
from the granodiorite contact. 

Magnetite also occurs with epidoteand pyrite, as probably segregated 
masses leached from the surrounding rock, in the tunnel of the Star 
placer mine, 1,650 feet north of the Omaha mine. 

Earthy manganese ore {pyrolusite or wad) occurs often in small fissures 
in the granodiorite near the surface. It was especially noted in the 
vicinity of the North Banner mine. 

A similar manganese mineral was found as a concretion in the West 
Harmony drift mine, cementing grains of quartz. 

Garnet. — This mineral is evidently very rare in this district. Brown- 
ish massive garnet was noticed, probably as a product of contact 
metamorphism, in a specimen of amphibolitic rock collected in a little 
gold by the road, 1,600 feet west of the North Banner mill. 

Wolla^tonite. — A specimen of woUastonite in hornfels was found on 
the Old Banner dump. This mineral also is undoubtedly due to contact 
metamorphism. 

Chabazite. — At the tunnel of the Star placer mine mentioned above 
crystals of chabazite were found coating small fissures in an altered 
diabase, filled with epidote and pyrite. The crystals are several milli- 
meters in diameter, colorless, and of the well-known pseudo-cubical form. 

THE MINERAL WATERS ON THE VEIJ^S. 

General features. — ^The ordinary mine water contains only a small 
amount of dissolved substances, and is evidently meteoric water of the 
8ui>erficial circulation. In a few instances, however, strong ascending 
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springs are found on the qaartz veins. These springs, thoagh neither very 
rich in dissolved materials nor of a temperatare differing from that of the 
inclosing rocks, form a dei>osit at the point where they issue, and their 
composition is of interest as in some degree indicating the nature of the 
springs to which, in all probability, the veins owe their origin. Two such 
ascending springs were noted and their waters and deposits examined. 

The Federal Loan mine. — The first is in the 400-foot level of the Federal 
Loan mine, about 400 feet east of the shaft. The water issues from a 
crack in the foot wall about 5 feet up from the bottom of the drift, the 
quantity being about 2 gallons per minute. A considerable quantity 
of yellowish-white, slimy deposit was^ at the time of my first visit, 
formed on the wall for a distance of 2 or 3 feet below the place where 
the water issued; the deposit did not seem to form on the bottom of the 
drift. At a second visit, when the water was collected, the work had 
been resumed in the drift, the face of which was only a few feet from 
the spring, and the deposit had been swept away. Mr. George A. 
Treadwell, of Nevada City, had previously collected a bottle of the 
substance, which he kindly placed at my disposal. An unmistakable 
odor of sulphureted hydrogen was noted in the vicinity of the spring. 
A sample of 2 liters of the water was filtered and bottled in the mine. 

The Mountaineer mine. — The second locality is in the Mountaineer 
mine (Nevada City sheet), on a hanging-wall vein called the Black 
Prince, about 170 feet east of the main fissure. The spring appears in 
the foot wall on the 400- foot level, south of the shaft, tastes strongly 
of iron, and forms a heavy yellowish-brown deposit. There was no 
odor of H2S in the vicinity of the spring. 

The waters were analyzed by Dr. W. F. Hillebrand, with the follow- 
ing results : 

[Parts per million (grams per ton).] 
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NoTB. — OriKanic matter present in small quantity in both waters. 
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Dr. Hillebrand remarks on these waters as follows: 

Both waters showed au alkaline reaction, and that from Federal Loan gave also 
a test for sulphides in solution after filtration. The Federal Loan water contained a 
small amount of black flocculent deposit, chiefly silica colored black by iron sul- 
phide, so far as could be made out. The Black Prince water contained a large amount 
of similar black deposit containing much iron sulphide and, perhaps, ferric hydrate. 
No test for soluble sulphides resulted definitely in this sample, but there appeare<l to 
be a little hyposulphite (thiosulphate) in both waters. Hydrogen sulphide was not 
present in either. Since the waters were reported to be clear when bottled, it seems 
probable that the formation of soluble and precipitated sulphides may have been due 
to the reducing action on the sulphates of the corks, especially since the waters had 
been bottled many months, and the surface of the corks was thoronghly blackened. 
In view of the great uncertainty as to whether the present condition represented in 
important essentials that at the time of bottling, a very exhaustive or thorough 
analysis seemed unnecessary. It is to be noted that although the deposit formed by 
the water contains much arsenic it could not with certainty be detected in 2 liters 
of the water. 

The waters are remarkably similar in composition, and may be char- 
acterized as weak mineral waters, chiefly distinguished by their per- 
centage of silica and carbonates. There is, roughly speaking, from 33 
to 41 parts per million of silica present, 175 to 226 parts of bicarbon- 
ates of calcium, magnesium, and sodium, and 12 to 14 parts of sulphates. 
Sodium is present in far larger quantities than potassium. Chlorides 
occur only in very minute quantity. Of carbonic acid there is hardly 
enough present to form bicarbonates with the bases. Hydrogen sul- 
phide was certainly present in small quantities in the Federal Loan 
water at the time of bottling, although subsequent reactions probably 
masked its presence. 

The composition of the deposit from the Federal Loan water is, 
according to Dr. Hillebrand, as follows, in rough approximation : 



CaCOa 

MgCOa 

Mn (as MnOs) 

As (as AMiOr,) 

Fe (as Fe^O with little AUOo) 

Insoluble and silica 

8O3 

Pb 

Organic matter and water 




Dr. Hillebrand makes the following remarks on this analysis: 

The bottle was filled with a black slimy matter emitting a diagnstinc: odor of 
organic decomposition. The cork was forced out with ease by imprisoned gas, 
chiefly consiatiog of COi and CH4. The slime was said to have been white when 
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collected; the subsequently developed black color is due to iron sulphide. Aside 
from organic matter and water the deposit is essentially ferric oxide with a little 
arseniate, calcium carbonate with a little magnesium carbonate, and manganese as 
MnO-2, besides gelatinous silica and fragments of minerals. Owing to reduction of 
sulx)hates with bottling and the presence of vegetable organisms, an accurate analysis 
could have no value, and the amount at disposal was also too small. 

The presence of lead and arsenic in this deposit is of interest. The 
organic matter was abundant, and consisted of long, stringy fibers, 
evidently an algous growth, such as is so often noted at the mouths of 
mineral springs. 

The deposit from the Black Prince was of brown color and in quali- 
tative composition chiefly ferric hydrate with a little calcium carbonate 
and much less magnesium carbonate, also silica and insoluble matter 
and much manganese in a peroxidized condition. There was also a 
decided trace of molybdenum. No arsenic, copper, lead ( !), nickel, or 
aluminum was detected, and very little sulphuric acid. Some organic 
matter was present. 

The Providence mine. — A deposit found in the drain tunnel of the 
Providence mine, 800 feet from the mouth, is of quite different charac- 
ter. When dried, it formed dirty white masses of all degrees of fine- 
ness, from coarse lumps to an impalpable powder; some of it has a 
decided greenish tinge. Selected greenish pieces were analyzed by 
Dr. Hillebrand, with the following Result: 



Per cent. 




The water was determined as follows : 




OverHsSO^.... 

AtllO^C 

Below redness . 
Blast 
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A general sample showed essentially the same composition, and con- 
tained, besides, Mu02 i" black grains. Some organic matter was also 
present. 

The substance appears to be a mixture of a hydrous aluminous sili- 
cate and sulphate, and probably results from the leaching of pyritous 
ore by sui*face waters. 

THE ORES. 
GENERAL CHARACTER. 

There are, in general, two classes of gold-quartz veins, between which, 
however, no distinct line of demarcation exists. The first embraces 
those veins in which the gold is nearly exclusively connected with the 
sulphides and is not easily removed from them by simple amalgamation 
and in which free gold is found only in the upper decomposed zones; 
in these veins there is usually also much silver. The other class, to 
which the veins here described belong, carry an ore of which the prin- 
cipal value lies in the free gold, the relative amount of which shows no 
diminution in depth once the surface zone of decomposition is traversed. 
The gold and the auriferous sulphides, some of which are always pres- 
ent, are embedded in a predominant quartz gangue and constitute almost 
exclusively the pay ore. The country rock adjoining the veins has in 
most cases been subjected to a n¥)re or less complete replacement by 
carbonates, sericite, and sulphides, but this replaced country rock is 
here, if not barren of gold, at least very poor. In certain deposits the 
quartz is distributed in minute seams and streaks in the decomposed 
country rock instead of forming a continuous, thicker sheet; in such 
cases the whole may be mined and milled, but the pay will genei*ally be 
found to be concentrated in these narrow seams. In isolated cases the 
altered country rock may contain a sufficient quantity of gold to be 
treated as an ore. Instances also occur where a large quartz vein is 
nearly barren but the seams in the adjoining altered rock are rich in gold. 

TBE GOLD. 

As stated before, the gold is, speaking generally, in a finely divided 
condition and scarcely visible to the naked eye, and it is a well-known 
fact that sometimes a notable quantity of it is carried away suspended 
with the finest slimes from the mill, even in the overflow from the set- 
tling tanks, if such are used. Much of the gold in the narrow Grass 
Valley mines is, however, quite coarse; in several mines, as the North 
Star and the Empire, bunches of quartz containing coarser gold are 
found in the pay shoots, generally carrying fine gold. The intimate 
relation between the gold and the sulphurets is emphasized above and 
illustrated on PI. V, fig. a. 
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THE SXJLPHURETS. 

Quantity. — The snlphnrets generally make 2 to 3 per cent of the ore. 
In the Willow Valley district there is quite generally a stronger per- 
centage, ranging from 4 to 6 per cent. The same conditions obtain 
in the Banner Hill and Mayflower group of veins. The veins in the 
vicinity of the Pittsburg and Gold Tunnel group of veins, except the 
Pennsylvania, carry a less amount. In the Providence-Champion 
group the ])ercentage is high, ranging from 4 to 6 per cent, but the 
same veins in their northward extension carry less again. The Idaho 
system of east- west veins carry little sulphurets, as do also the Empire- 
Osborne Hill system and the W. Y. O. D., the percentage ranging from 
three-fourths of 1 to 3 per cent. The Eureka-Idaho vein shows, on the 
whole, the smallest percentage, ranging from three-fourths of 1 to 2 
per cent. The Massachusetts Hill and Granite Hill veins, as well as 
the North Star, carry from 2f to 3 or 4 per cent. The Omaha system 
carries about 4 per cent. 

In comparing these data no definite law can be deduced as to the 
])ercentage of sulphurets in different country rock. The largest per- 
centage is found in granodiorite, in certain veins in the sedimentary 
areas, or on the contact of both formations; a medium to small percent- 
age occurs in diabase and jwi-phyrite and in serpentine. Numerous 
exceptions make this rule of doubtful value. Some veins of the May- 
flower system in slate and some mines in granodiorite, such a^ the 
Gold Tunnel and California, contain comparatively little sulphurets. 

Equally doubtful results are obtained in comparing the percentage 
of sulphurets in the various vein systems. The only rule that might 
be adduced here is that the veins of the Idaho system in Grass Valley 
are poor in sulphurets, but against this stands the fact that the parallel 
Orleans vein near Nevada City is in places rather rich in them. 

Character, — On nearly all veins pyrite predominates; the exceptions 
are certain mines in Willow Valley and the vicinity of Canada Hill, 
where arsenopyrite or zincblende (Beckman vein) prevails. In the 
Merrimac and Union veins galena is said to i)revail. In nearly all 
veins there is, besides pyrite, galena, zincblende, and chalcopyrite. 
The veins with arsenopyrite are confined to certain localities, as indi- 
cated in the pages on mineralogy, but not to any certain kind of vein 
or country rock. In fact, any attempts to correlate the character of 
the sulphurets with the country rock appears a failure. Certain veins 
in granodiorite contain no arsenox)yrite; other veins in the same rock 
show this mineral in large quantity. 

Contents of gold and silver. — The sulphurets in the quartz always 
contain gold and silver. Those from the altered country rock also con- 
tain some, but are generally much poorer. The concentrated sulphu- 
rets, which are not quite pure, but contain a certain quantity of quartz. 
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varying from 5 to 15 per cent, range in value from J40 per ton to sev- 
eral hundred dollars, cbietiy in gold. 

In any given mine tlie tenor of the sulphurots generally increases 
with the richness of the ore. It is found, however, that in many of the 
Grass Valley mines, which carry rich ore with much free gold, the con- 
centrates are relatively poor. In the Providence and Champion veins, 
the ore of which is of lower grade, the sulphurets run high in gold, 
probably averaging not less than 5 ounces per ton. The sulphurets 
of the great Eureka-Idaho ore shoot are uniformly rich, ranging from 
5 ounces of gold per ton upward. 

The relative quantity of silver varies also, but only in few mines 
exceeds that of gold by weight. In most of the sulphurets of the Ban- 
ner Hill district there is a considerable quantity of silver, probably 
reaching its maximum in the Banner mines, where the quantity of sil- 
ver greatly exceeds that of gold and sometimes almost equals it in 
value. The Federal Loan 8ul])hurets, on the other hand, carry only 
about 2J ounces of silver per ton. 

In the Nevada City district the greatest percentage of silver is found 
in the Mountaineer, Merrifield, and Ural veins; at the Champion and 
Providence mines the sulphurets contain from 10 to 16 ounces of silver 
per ton, or more than double the amount of the gold. But at the 
Nevada City, on the same vein, the percentage of silver sinks, and 
equals or is less than that of the gold. 

In the Grass Valley district there is generally only a small quantity 
of silver in the concentrates. A ratio of almost one-half silver to one 
part of gold by weight is found in the Empire, North Star, and Slate 
Ledge; still smaller quantities are reported from the Orleans, Osborne 
Hill, and Maryland, where it sinks to one-third or less that of gold. 
The concentrates of the Omaha and W. Y. O. D. carry about twice as 
much silver as gold. 

There is not much definite information as to the contents of the sep- 
arate minerals of the concentrates, but, as stated above, gold may be 
seen occasionally included in almost any one of them. In some mines 
the galena appears to be very rich in gold. 

In order to ascertain the relative preponderance of metals, several 
analyses were made by Dr. Hillebrand of representative concentrates. 
Two analyses by F. Claudet, quoted by J. A. Phillips in his Mining 
and Metallurgy of Gold and Silver, are here given under I and II. 

Analyses of concentrated sulphurets. 
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Analyses of concentrated aulphurete — Continued. 




I. GraitB Valley. Analyst, F. Claudet. 
II. North Star. Anulyat, F. Claudet. 

III. North Star. Analynt, W F. Hillebraod. 

IV. Marj'land. Analyst, W. F. Hillebraud. 
V. Federal Loan. Analyst, W. F. Uillebrand. 

VI. Providence. Analyst, W, F. Hillebrand. 

Attention is called to the unexpectedly large percentage of telluriam 
In the Maryland mine. Tellurium was also found in the sulphurets 
from the Nevada City mine, while those from the Empire and Omaha 
mines gave negative results. The presence of bismuth, cadmium, and 
possibly tin is of interest. Chromic oxide is found only in tiie Maryland 
mine, occurring on the contact of serpentine and diabase. At the time 
of this examination there was considerable altered country rock milled 
containing quartz stringers, and it is not impossible that the OrsOa 
may have been derived from that. 

THE VALUE OF THE ORES. 

High-grade ores are found on the narrow veins of the Banner Hill 
district, even reaching $50 and $100 per ton, but a good average of the 
mines working on a large scale would probably be $15 to $20 x)er ton. 
In the Nevada City district the average would probably also be $15 
per ton, though there are great variations, many of the minor veins 
containing small but very rich pay shoots. In Grass Valley the aver- 
age tenor is decidedly higher. Fair statistics are available, from which 
it is clear that it is in this vicinity $20 per ton. No law can be deduced 
as to the tenor of the ore in different country rocks. Eich ore shoots 
appear to occur in all formations. 

The value of the free gold obtainable by simple amalgamation is gen- 
erally much higher than that of the gold in the sulphurets. Rarely, as 
in the North Banner, does the gold in the sulphurets equal the quantity 
of free gold. 
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The value of the gold always greatly exceeds that of the silver; 
counted by weight, there ^ve only a few mines in which the silver ap- 
proaches or equals the weight of the gold produced. Among these are 
many of the Banner Hill and Willow Valley mines. The ratio between 
gold and silver by weight, though variable in the same mine, is, for 
instance, 1 : 1 in the Lecompton, 4 : 3 in the North Banner, 7 : 4 or 5 in 
the Mountaineer. In the Providence and Champion mines it appears 
to vary from 5: 1 to 7: 10, the latter being the highest figure for silver 
recorded. 

These figures are derived from the tables of production of the mines 
in the Mint Reports. It is believed that the assay values would show 
a somewhat higher percentage of silver, for the reason that in treating 
argentiferous gold ores a relatively larger quantity of silver is lost in 
the tailings. 

SUPERFICIAL ALTERATION. 

The upper part of the vein near the surface is generally decomposed 
and forms a reddish, crumbling or soft mass of limonite and quartz. 
The process consists, as is well known, in an oxidation of the sulphides, 
with accompanying liberation of the gold and a general loosening of 
the texture. This decomposition extends a variable distance from the 
surface, very seldom, however, more than 200 feet on the incline of a 
vein dipping 45° or below a vertical depth of 150 feet. On the other 
hand, it is common enough, especially in veins with little sulphurets, to 
find fresh ore almost at the surface. The process is, on the whole, of 
slight extent and importance compared with other mining districts. In 
consequence of the liberation of the gold from the sulphurets, the sur- 
face ores are easily reduced, and in consequence of the removal of other 
substances than the gold, they are also generally richer than the fresh 
ore below. In this process the silver is also partly removed. The decom- 
posed croppings of the Grass Valley veins often contained from $80 to 
$300 per ton, while the average tenor in depth is from $20 to $30. At 
present very little of this surface ore remains. 

THE STRUCTURE OF THE ORE. 

Differing structures. — Four distinct kinds of structure occur in the 
ores: 

1. Massive structure. Massive quartz with sulphurets in wholly 
irregular distribution. No law can, as a rule, be discovered in the 
order of deposition of the different sulphurets. This structure is very 
common. 

2. Banded structure by deposition. In this somewhat less conmion 
form of structure distinct bands or streaks of sulphurets lie in the 
generally massive quartz parallel to the walls of the vein. In the Provi- 
dence shoot of tlie Ural vein this structure was beautifully shown, and 
is mentioned from many other places in the detailed descriptions. No 
definite rule could be made out as to the distribution of the different 
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snlphides, all frequently oooorring mixed in one streak. It has, how- 
ever, been noted that the chalcopyrite is, often at least, later than tbe 
galena and pyrite. The banded structure js illustrated by PI. VII, fig. 
a, showing Omaha ore with banded pyrite on the left. In smaller veins 
both of these structures are frequently found with druses and transi- 
tions to comb structure. (PI. VIII, tig. a.) Symmetrical deposition of 
bands on both walls is not often seen, probably on account of the flat 
dip of the veins. The sulphurets occurring in banded form by deposi- 
tion are very often shattered by subsequent slight movement. Such a 
shattering may, to some extent, be seen in the specimen from the Omaha 
mine (PI. VII, fig. a), but in far more characteristic form in the speci- 
men shown in PI. VIII, fig. 6, illustrating ore from the twentieth level 
of the Empire mine. In this specimen minute specks of gold may be 
seen plentifully sprinkled in the pyrite and galena. 

3. Banded structure by subsequent movement on the vein, or ribbon 
structure proper. This form is extremely common, but has rarely been 
recognized as due to a sheeting of the vein after its deposition. The 
explanation generally given for it is that it is due to deposition or to 
reopening of the vein. The structure is characterized by the branch- 
ing of the cracks in detail and by the drawn-out streaks of sulphurets 
noted along the fissures. Gold is frequently found in plates and coat- 
ings along these sheets, evidently deposited as a secondary concentra- 
tion. The microscopical structure gives conclusive evidence as to the 
crushing of the quartz. 

Pis. IX and X show the ribbon structure of the Merrifield vein, 
Providence mine, stopes between thirteenth and fifteenth levels. The 
vein is 20 inches wide; 12 inches on the foot wall show massive white 
quartz with some sulphurets, and with small cavities in which crystal 
points protrude. The next 5 inches are partly shattered, and a strong 
sheeting is developed in the last 3 inches next to the hanging wall. 
Again, the branching character of the cracks and the drawn-out streaks 
of pyrite and galena are characteristic; no gold is visible with the mag- 
nifying glass. Only the upper half of the vein is represented on the 
photograph. 

Finally, the ribbon structure, in contrast to the banded structure, is 
illustrated in PI. VII, fig. a, from the Omaha mine, fourteenth level. 
Free gold is seen with the magnifying glass both in the banded pyrite 
and galena and in the pyrite along the fissures to the right. 

4. Banded structure by reopening. A banded structure is sometimes 
met with which is apparently due to the reopening of the tilled vein 
and the deposition of a new layer. Structures probably due to this 
have been noted from several places, but they are not always easy of 
identification as such, for an interruption in the vein-tilling process 
might have produced a very similar result. A good example of this 
structure is shown in a vein 1^ inches wide from the Osborne Hill mine. 
The vein is divided in two by a surface covered with small crystals of 
arsenopyrite, and each part shows independent comb structure. 

17 GEOL, PT 2 9 
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Microscopic features. — The normal vein quartz has a very character- 
istic granular, liypidioinorphic structure, which in its essential features 
remains the same, though the dimensions of the grains may vary 
greatly. The grains border partly with irregular lines, partly with 
crystallographic outlines, and the larger grains are penetrated by 
smaller, more or less perfectly developed quartz crystals. This is illus- 
trated on PI. IV, figs, a and b. Miarolitic cavities, in which the points of 
crystals project, are common, and are filled with calcite or opal. The 
galena, chalcopyrite, and blende never show crystal form, while cubes 
of pyrite are frequently seen, and arsenopyrite nearly always appears, 
with crystallographic outlines. 

Other minerals than quartz are rarely present. Calcite occasionally 
appears, and sericite also, the latter confined to the vicinity of frag- 
ments of country rock and never embedded in the massive quartz. 
Shreds of chlorite occasionally appear in the quartz (Maryland mine). 
Barite and fluorite do not occur. Feldspars, zoisite, and epidote have 
not been detected m the vein quartz. 

Fluid inclusions are extremely abundant; they are usually small, 
of irregular form, sometimes have rapidly moving bubbles, and are, as 
a rule, arranged in different planes in adjoining grains; a dependence 
on crystallographic plaufes is sometimes recognized. In other cases 
the inclusions are continuous across adjacent grains and show a pecul- 
iar radiating arrangement dependent on the sulphides in the quartz; 
long-drawn form or a;^rangement parallel with the walls of the veins 
ap))ears only exceptionally. The bubbles tested did not disappear on 
heating to + 30^ C, and it is not probable that they contain carbonic 
dioxide. 

No recognizable relation exists between the fluid inclusions and the 
richness of the quartz.' 

During the earlier investigations of Davy, Sorby, Brewster, and 
Vogelsang ^ a great many si)ecimens of vein quartz, with large fluid 
inclusions, from Schemnitz, Hungary, Guanaxuato, Mexico, and other 
localities, were tested, and the results showed that the contents were 
chiefly solutions of chlorides and sulphates in water. 

A large quantity of clean quartz with but little pyrite from the Mer- 
rifield vein, Providence mine, fifteenth level, was examined for soluble 
salts by Mr. George Steiger. Five hundred grams of the powdered 
rock was treated with cold water for two days; then heated three hours 
on the water bath and filtered. This gave a milky filtrate which 
amounted to about 1,000 c. c. The filtrate was evaporated to 50 c. c 
and filtered again. This filtrate was perfectly clear, and its analysis 
is marked B. The residue on the filter was examined separately, its 
analysis being marked A. This residue contained some carbonates 
which had evidently been in solution. 



1 Cf . W. M. CourtU, Trans. Am. Inst. Min. Eng., Vol. XVm, 1889, p. 639. 
'Rosenbosch, Physiognphie der Mineralien. 
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[Grams per ton of quartz.] 
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The result shows the presence of sulphates of calcium and alkaline 
sulphates, together with very little chloride. The sulphuric acid could 
not have been derived from the pyrite, for there is scarcely any iron 
present. In all probability the soluble salts were contained in the fluid 
inclusions. Some silica, probably amorphous, has also been dissolved, 
as well as a little carbonate. 

The occurrence of carbonic acid has been shown by Dr. Hensoldt in 
a specimen of quartz from the Tiger mine, Calaveras County.* 

It is extremely common to find the vein quartz broken and crushed 
along certain lines, and the appearance of this crushed quartz under the 
microscope is identical with the effects of crushing, so often described, 
in massive granular rocks. An excellent example of this structure 
is shown on PI. YI, fig. a. The crossed nicols bring out the slight 
difference in the optic orientation of the crushed parts of each grain. 
Actual faulting has taken place, and along the fault lines a crushed 
aggregate of new, ragged, and irregular quartz grains is formed. K 
this process is carried somewhat farther a sheeting of the vein will 
result, and along the planes broad streaks of secondary quartz aggre- 
gates will be formed. Kew slight fissures are sometimes formed, and 
by a process of secondary concentration gold and sulphides may be 
deposited along these planes. To this the frequent richness of the 
ribbon quartz is no doubt due. The masses of sulphides in the way of 
the fractures are broken and pressed out in long streaks. PI. VI, fig. 6, 
shows the structure of the quartz from the large specimen of ribbon 
quartz illustrated by PI. IX. The section is made from the quartz next 
to the wall, and shows well the contrast between the fresher quartz and 
sulphurets preserved on the left and the finer aggregate structure of 
the quartz and pressed form of the pyrite on the right. The partings 
in the ribbon quartz may often show a parallel striation. Under the 
microscope the ribbon structure by sheeting is distinguished from that 
by reopening or deposition by the fact that in the latter there is no 
indication of pressure in the quartz, or at least only on one side of the 
dividing plane, while the quartz on the other side is deposited as a 
mold on the parting plane without showing any dynamic disturbance. 



* Paper by "W. M. Courtis quoted above. 



PLATE lY. 

THIN SECTIONS SHOWING STRUCTURE OF ORE. 

Fig. a. Normal yein quartz strncture; Federal Loan mine; 39 N. C. 

Magnified 17 diameters. 

Crossed nicols. 

Only quartz. 
Fig. h. Normal vein quartz structure; Osborne Hill mine; 82 G. V. 

Magnified 52 diameters. 

Black areaH; arsenopyrite. 

Shaded ureas, quartz. 
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P L A T E V. 

THIN SECTIONS SHOWING STRUCTURE OF ORE. 

Fio. a. Gold in pyrite and quartz; Omaha mine, fourteenth level; 144 G. V. 

Magnified 17 diameters. 

White areas, qnartz. 

Shaded areas, pyrite. 

Black areas, gold. 
Fio. h, Metasomatic replacement of qaartz in granodiorite by calcite and sericite 
Aggi*®S&te6; new shaft. Providence mine; 111 N. C. 

Magnified 52 diameters. 

White areas, qnartz. 

Shaded areas, calcite and sericite. 
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PLATE VI. 

THIN SKCTION8 SHOWING 8TRUCTDRK OP ORE. 

Fui.a. Crushed vein quartz and incipient ribbon-structure; Nevada City mine; 
134 N. C. 
Magnified 15 diameters. 
Crossed nicols. 
Only quartz. 
Fig. h. Ribbon-structure, showing crushed quartz and pressed pyrite. Original 
aggregates of quartz and pyrite to the left. From specimen shown in 
Pis. IX and X. 
Magnified 17 diameters. 
Crossed nicols. 
Black areas, pyrite. 
All other areas, quartz. 
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PLATE VII. 

SPECIMENS SHOWING STRUCTURE OF ORE. 

Fig. a. Vein qaartz; Omaha mine, foarteenth level; 144 G. Y. On the right, 
banded stractnre by deposition; pyrite somewhat cniBhed. On the 
left, ribbon -structure by sheeting of vein after deposition. 
Natural size. 
Fig. h. Vein quartz; Federal Loan mine; 40 N. C. Showing included fragments of 
black argillite, altered to yellowish-gray oaloite-sericite rock, with arseno- 
pyrite, and surrounded by pyrite. 
Natural size. 
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PLATE VIII. 

« 

SPRCIMRNS SHOWING STRUCTURE OP ORB. 

Fig. a. Thin sectiou of 2-incli quartz seam in diorite; California mine. Dead Mans 
Flat; 143 G. V. Quartz shows comb-strnctnre. The wall rock a basic 
diorite with pyrrhotite, altering next to vein to calcite, sericite, and pyrite. 
Natnral size. 
Fig. h. Vein qnartz ; Empire mine, twentieth level ; 155 G. V • Showing crushing of 
pyrite and galena, and reccmenting by later qnartz seams. 
Natural size. 
Fi(i. c. Vein quartz ; Banner mine. Showing shattering of black argillite by quartz 
seams; pyrite developing in the argillite, but not in the quartz; further, 
brownish (weathered) carbonates deposited next to the argillite lu the 
seams. Beginning of metasomatic alteration apparent by bleaching of the 
black argillite. 
Natural size. 
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PLATE IX. 

VEIN QUARTZ, MKKKIFIBLD VEIN. 

Vein quartz ; Merrifield vein, Providence mine, fifteenth level, soath. Vein 2 feet 
wide; only one-half of it, adjoining hanging wall, is represented. Ix»wer half 
massive quartz ; upper half showing typical ribbon-structure by sheeting subse- 
queut to deposition. Showing brauching fissores and pressed pyrite. 
Two-thirds of natural size. 
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PLATE X. 



VEIN QUARTZ, MERRIFIBLD VEIN. 



Specimen from Merritield vein, fifteenth level, sonth; showing typical ribbon-struc- 
ture with branching fissures and pressed pyrites. 
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CHAPTER X. 

CHANGES IN THE ROCKS DUE TO FISSURE AND VEIN 

FORMATION. 

GENERAL FEATURES. 

Along the veins the rocks show notable mechanical and chemical 
changes. The first is shown by lines of fracture and by breccias, 
cemented by quartz. It is also, but more rarely, shown by wide- 
reaching mechanical deformation of the rock, producing schistose and 
slaty structure. The character of the fissures as integral parts of 
extensive sheeting and jointing implies less of a long-continued and 
intense movement on the shearing planes, and more of a sudden break 
or crush, with the formation of a single fissures or of breccias and 
branching veinlets. The chemical change is of uniform character, and 
is always present, but may be more or less emphasized; its universal 
occurrence and the mineralo^ical character of ttie process point unmis- 
takably to a chemical reaction and interchange of substance between 
the rock and some fluid once filling the fissures. In other words, it is 
a process of substitution or metasomatic replacement. 

MECHANICAL ALTERATION. 

The breaking and brecciating of the rocks along the fissures have not, 
as a rule, produced an extensive mechanical alteration, though in coarse- 
grained rocks the constituents are often, under the microscope, seen to 
be somewhat crushed, and the quartz grains often acquire undulous 
extinction. More rarely appears a sehistosity of the rock next to the 
vein, i)roduced by the shearing force exercised in breaking the fissure, 
and also by the grinding of the walls against each other after the break. 

It is only along the Merrifield and Ural veins, on which, as shown in 
the detailed descriptions, extensive faulting has taken place, that this 
schistose structure is developed on a large scale. This is es])ecially 
well seen in the Champion, Providence, and Nevada City mines. The 
zone in which the sehistosity is developed is from a few feet up to 20 feet 
wide, and in it one or several quartz veins may be contained, as 
explained. The granodiorite is converted to a greenish-gray rock, 
breaking in flat irregular fragments, bounded by smooth greenish faces 
with greasy feel. The planes of sehistosity are curved, and the struc- 
ture is produced irregularly, less altered masses alternating with thor- 
oughly schistose streaks. The chemical alteration of these rocks is 
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intense, and will be discussed later. The mechanical deformation is 
equally pronounced. The quartz grains are completely shattered; the 
whole coarse aggregate of the granodiorite is crushed to a greenish, 
fine-grained, ailotriomorphic aggregate, often with a somewhat splintery 
fracture, drawn out in long streaks and stringers. The carbonaceous 
schist of the Ural foot wail is e([ualiy crushed, though the effect on the 
individual grains is here not visible, owing to the original fineness of 
grain. The resulting mass is a black, soft rock with irregular and 
curved black and shining planes of schistosity, much more irregular, 
in fact, than the original jdanes of schistosity of the rock. 

CHEMICAL ALTERATION. 
GENERAL FEATURES. 

The chemical alteration which tlie rock next to the (juartz has under- 
gone is developed with very diflerent intensity. In some mines, indeed, 
like the Mountaineer and Omaha, sometimes also m the Em])ire and 
North Star, comparatively fresh rock lies close up to the vein, while in 
others the zone of alteration may be several feet wide. The most exten- 
sively altered rock is usually the brecciated mass lying between two 
closely approaching fractures or walls. The resulting rocks, often 
entirely diflerent in appearance from the fresh rock, usually have a 
yellowish- gray to gray or white appearance, and frequently a greasy 
feel. It is easy to find all kinds of transitions, from the incipient to the 
most advanced alteration. All rocks are subject to this alteration, 
even the siliceous argillite from the Federal LfOan; m carbonaceous 
fissile argillites, however, such as in the Merrimac mine, the alteration 
is veiy slow and chiefly confined to the introduction of pyrite. All 
minerals are subject to it, even the quartz of the granodiorites. 

MINERALOGICAL CHARACTER OF ALTERATION. 

The changes in the rocks are chiefly due to the formation of three 
classes of minerals: (1) Carbonates, chiefly calcite, pure, or more fre- 
quently with a small admixture of the carbonates of iron and magne- 
sium, the former producing a brownish color in weathered fragments. 
Near veins in seri>en tine the magnesium carbonate prevails. (2) Potas- 
sium micasj usually in fine-felted aggregates of wavy fibers, with often 
silky luster; the name sericite has been used for these micaceous aggre- 
gates, according to precedent, although it is probable that the compo- 
sition varies little if any from that of normal muscovite. It is hardly 
ever possible to obtain the mineral in a sufficiently pure state for 
analysis. Other potassium micas occurring connected with altered 
wall rocks are the so-called mari])osite (cf. p. 115), which is colored 
green by chromium and is probably identical with fuchsite. A vana- 
dium mica, roscoelite, also occurs on veins in Eldorado County. (3) 
Sulphides] \)yv\X,^ is extremely abundant in sharp, cubical crystals, and 
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in some mines arsenopyrite also appears in idiomorphic forms. Calcite 
or quartz rims often surround the cubes of pyrite.* No other sulphides 
have been observed. Pyrrhotite, which is extremely common as a 
result of metamorphic processes in certain rocks of the district, is not 
found in the altered wall rock. Abundant examples show that it is 
transformed into pyrite when within the influence of the fluids circu- 
lating on the Assures. 

Besides these principal groups of minerals others may occur. Small 
(luantities of chlorite have been observed, but the process is on the 
whole not favorable to the development of this mineral; titauite 
(leucoxene) is frequently present, due to an alteration from ilmen- 
ite or titaniferous magnetite; chromite has been observed; magnetite 
is absent, and seems to have been converted into fernms carbonate or 
l)erhaps also into pyrite. 

This process is one of metasomatic interchange — that is, *'an inter- 
change of substance without necessarily involving, as does pseudo- 
morphism, the preservation of the original form of the substance 
replaced, or even of its original volume.''^ 

Metasomatic interchange or replacement, in a restricted sense, neces- 
sitates chemical action between the mineral attacked and the solvent; 
of such character are, nearly exclusively, the processes here described. 
In a wider sense, it also includes i)rocesses by which the original 
mineral is dissolved as a whole and a new substance deposited in its 
stead without chemical action between the two substances, as, for 
instance, in the case of quartz replacing calcite. 

Replacement by silica is not among the processes here recognized. 
It should be borne in mind that a rock shattered and filled with quartz 
seams is not an evidence of metasomatic replacement by quartz, nor is 
such a rock a quartz vein in process of formation. In a mineral water 
containing carbon dioxide, 8uli)hureted hydrogen, carbonates, and 
silica, the former three compoun<ls will vigorously attack, by chemical 
processes, the minerals of any ordinary rock, and form new compounds, 
while the silica is inert and plays a passive role. It has not been 
noted that the silica in the mineral waters forming the vein has re- 
placed any of the rock minerals. Most of the silica set free by the 
process of carbonatization has probably been removed and deposited 
in the fissures, while some of it — especially where thermal waters per- 
meate whole rock masses and no free ducts exist — may be deposited in 
the altered rock as secondary aggregates. If a silicification of the wall 
rocks is found at any place in the California gold-quartz veins, it will 
probably be in easily soluble rocks, such as limestone. 

It is necessary to separate strictly the quartz filling in the veins 
deposited in open spaces from the metasomatic country rock. The 



iThe ease with which large idiomorphic cryatais of pyrite may develop in certain ro<!kH. such as the 
chloritic diahaseof the Idaho and the Kentucky mines, is very remarkable as showing the intensity 
of the metasomatic process. 

'Emmons, Hon. U. S. OeoL Sorrej, Vol. XII, p. 505. 
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latter, liowevor altered, bears evidence of its metasomatic character, 
while the former, in its structure, clearly indicat-es a crystallization in 
open space. 

In the ordinary course of the metasomatic process, as here shown, 
augite, hornblende, uralite, feldspar, and epidote are first vigorously 
attacked. Proceeding along cracks in the minerals, a finely felted cal* 
cite and sericite aggregate invades the grains until the replacement is 
complete. The hornblende is sometimes converted directly into coarse 
foils of muscovite, and in the feldspar grains there is often, also, a dis- 
tinct tendency of the sericite fibers to parallel arrangement, finally 
resulting in the forming of large foils. An interlacing structure of 
mica foils with the interstices filled with calcite is sometimes met with 
(Federal Loan). The quartz is also attacked, but with more difficulty 
than the other minerals; from many localities there is unequivocal 
evidence of a process of replacement gradually eating away the quartz. 
In fig. b of PI. V the resulting aggregate is chiefly composed of calcite 
with a little sericite. In other slides the product is chiefly sericite. 
The relative preponderance of the carbonates and the mica is subject 
to variation in the same mine. As the examples below indicate, they 
usually occur together, but occasionally (analysis from the Idaho) the 
carbonates may entirely prevail, or (analysis from the Osborne Hill) 
the rock may be almost entirely composed of sericite. The quantity 
of i)yrite is usually large, and it appears as if the pyrite were derived 
mostly, not from the magnetite, but from the ferrous silicates. 

In addition to the metasomatic alteration, the rock is very commonly 
traversed by small fissures, which generally are filled with carbonates 
era mixture of carbonates and quartz, more rarely with quartz alone. 
This characteristic is often very prominent, and it seems at first glance 
strange to see the quartz vein adjoined by a rock traversed in all 
directions by veinletsof carbonates. 

SUBSTANCES LOST OB INTRODUCED. 

. The chief and marked characteristics of the altered wall rock are the 
introduction of carbon dioxide, sulphur, and potassium ; the latter is 
especially emphasized, because the prevailing rocks of the districts are 
decidedly richer in sodium than potassium, and the conclusion is una- 
voidable that not only has the sodium been leached oat but potas- 
sium a(!tually introduced in the rock. Analysis I of the altered wall 
rocks is especially instructive compared with the analyses of fresh 
granodiorites. 

The percentage of silica is lowered by at least 10 per cent; the alu- 
minum appears fairly constant, as does the iron, though part of it is 
converted into sulphides. The calcium in some cases remains con- 
stant, while it is considerably increased in most rocks; the magne- 
sium IS not much changed. Sodium has been extensively removed. 
Titanic acid remains constant, as does the phosphoric acid of the apatite. 
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In some analyses the presence of barinm in not greatly differing 
quantities from that of the fresh rock is of interest. Water, above 
110 o C, is present in pretty constant quantity, ranging from 1 to 3 
per cent; extensive hydration has certainly not taken place, and in the 
case of altered serpentines there is a distinct dehydration. 

Analysen of altered wall rocks. 



I. 



II. 



III. 



IV. 



SiO, 

TiO, 

Al.Oa 

Fe.O:, 

FeO 

FeS, 

MnO 

NiO 

CaO 

SrO 

BaO 

MgO 

K2O 

Na,0 

Li,0 

HaO b e 1 w 

1I(FC , 

HiO above 

llO^C 

P.Oft 

CO. 

SO, 



56. 25 


60.26 


.25 


.42 


17.65 


15.73 


.76 


1.25 


«2.64 


2.68 


2.87 


.08 


NoDe. 


.04 



59. 76 

.16 

14.45 

l.Oi 

3.52 

.24 

.09 



34.91 

i 1.65 

15.55 

.17 

fl4.96 

4.20 

None. 



4.46 



.03 
1.69 
6.01 

.30 



5. 44 6. 09 

Trace. Trace f 

.07 ' .05 

1.82 ' 2.26 

3. 71 3. 73 

1.92 1.12 

Trace. Trace. 



11.10 

None. 

4.58 

4.28 

.19 



.30 

2.36 

.21 

4.82 

None. 



.33 

2.54 

.12 

3.99 



.26 

2.58 

.16 

4.47 



.30 

1.86 \ 
.82 ' 
15.57 



v. 

36.19 

.16 

4.93 

.21 

5. 36 

.22 

.12 

6.10 

4.60 

Trace. 

Trace. 

22.94 

.06 

.16 

Trace. 

.18 

2.87 

.05 

21.82 



VI. 



VII. ! VIII. 



45.74 
.36 
5.29 
.13 
2.06 
.49 
.26 



58.43 

None. 

17.40 

.77 

a2. 19 

1.59 

None. 



71.97 
.88 

15.75 
.77 

a. 45 

. 56 

None. 



23.85 

None. 

Trace. 

0.94 

1.29 

.11 

Trace. 

.22 

1.07 

.07 

18.91 



5. 25 



.80 



None. 

1.50 

j 4.03 

1.76 



Trace. 

.80 

4.88 

.33 



.30 

2.61 

.13 

4.04 



None I None. 



.30 

2.16 

.15 

.38 

Trace. 



100.60 100.40 100.28 100.14 99. 97 100. 79 100. 00 100.18 



I. Bellefountain tunnel (42 N. C), derived from granudiorite. Analyst, €reorge Steiger. 
II. Providence mine, front vein (208 N. C), derived from granodiorit«. Analynt, W. F. Hillebrand* 
III. Providence mine, back vein (212 N. C), derived from granodiorite and schist. Analyst, TV. F. 

Hillebrand. 
IV. Federal Loan mine (38 N. C). Analyst, George Steiger. 

V. Idaho, IGth level (148 G. V.), derived from serpentine. Analyst, W. F. Hillebrand. 
VI. North star mine (104 G. V.), derived from uralite diabase. Analyst, VT. F. Hillebrand. 
VII. Empire mine (151 G. V.), derived from granodiorite. Analyst, George Steiger. 
VIII. Osborne Hill mine (83 G. V.), derived from tine-grained sandstone. Analyst, G«orge St«iger. 

a These determinations of FeO were ansatisfactory on account of FeSj. 

h Nickel not looked for elsewhere, but certainly not present in more than traces. 

c Approximate. 
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For comparison the following analyses of fresh rocks are appended: 

AnalytifH of unaltered rovka. 




CO 

Fi'S, 

Fe:S,f 

Carbon of (irgiiui(^ matter 



10(). 57 



W.35 100.37 



I. GranfMliorit«\ ShurtU-ff's barn, Nevada City. Analjat, W. F. Hiilebraiid. 
II. Diabase, 600 ftH*t nouth-Boutheast of MaryUnd bliaft (121 G. V.). Analyst, H. N. Stokos. 
III. Siliceous argillita goraewliat contact-metamorphosed. Federal Loan (38 X. C). Analyst, W. F. 
nillebrund. 

a Fe^Oj and FeO are approximate only because of presence of salphides. 

b Bocausp of the organic matter and soluble salphide the FeO ooultl not be estimated. Therefore 
all in>n after deduction o*" that needed for Fe7S, is counted as FeO. The FeO ^ven in other analyses 
-where there is much jiyritti is perhaps only near the truth. Any error in such cases of course affects 
the Fe^Oj in an opposite direction. 

On the whole, the analyses show a relatively small amount of leach- 
ing of any substance except silica and sodium ; large quantities of the 
latter especially have been removed. 



EXAMPLES OF ALTERED GRANODIORITE. 

A specimen from the Bellefountain tunnel, Banner Hill tract, is of a 
yellowish-gray mottled color and granular structure, made evident by 
quartz grains and darker spots representing remains of hornblende. 
Sharp, cubi(;al (crystals of pyrite abound. Under the microscope the 
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granitic structure is very clear. The hornblcDde and mica are con- 
verted into large muscovite foils. The black iron ores are converted 
into milky opaque substances. The feldspars are completely changed 
into a fine-grained sericitic aggregate, often showing approximately 
parallel arrangement of the fibers, or, also, two systems of fibers at 
right angles. Smaller masses of calcite lie between tiie sericite fibers. 
Sharp cubes of pyrite lie in the aggregate, containing included masses 
of the micaceous mineral. There is practically no feldspar left, while 
many of the quartz grains have retained their original form. In other 
grains the sericite is undoubtedly corroding the quartz grains in 
exactly the same manner as shown from the specimen 111 N. C. on PL 

V, fig. b. 

Analysis I in the table shows the composition of this typical rock. 
Estimating that there is 25 per cent of unaltered quartz in the rock, 
the constituents may be calculated as follows » 



CalciuDi carboDate . . . 
Ma^esium carbouate 

Iron carbonate 

Pyrite 

Apatite 

Titanite 

Qaartz 

Sericite 



Per cent. 

7 23 

2.70 

.58 

2 87 

.46 

.60 

25 00 

61.11 

100. 55 



The composition of the sericite may be calculated as follows 



SiO, . 

A1:0, 

Fe.Oa 
FeO.. 
MgO 
BaO . 
K,0 . . 
NaiO . 
H,0.. 



Per cent 

51.09 

28.87 

1.25 

3.85 

.66 

.05 

9.83 

.50 

3.90 

100.00 



This corresponds fairly well to an acid muscovite, excei)t that the 
FeO is too high; this may be explained by the uncertainty of its deter- 
mination in the presence of so much FeSj. 
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The crushed and schistose grauodiorite from "New Shaft" on the 
Merrifiehl vein, Providence mine (111 N. C), is a grayish-green mottled 
rock with curved planes of schistosity and greasy feel. It effervesces 
strongly with hydrochloric acid. The feldspars and hornblende are 
entirely converted to micaceous aggregates, with irregular patches and 
veinlets of calcite. Much of the quartz remains, but is nearly every- 
where, in the process of conversion to calcite, mixed with a little seri- 
cite. The quartz is greatly crushed and drawn out to lenticular 
aggregates. A portion of this slide is illustrated in PI. V, fig. b; the 
quartz is somewhat crushed, but is still plainly seen to be composed of 
only one or two original grains. The small calcite grains forming 
abundantly along or near the cracks in the fresh quartz are very char- 
acteristic, and the whole is unquestionably a process of metasomatic 
replacement. 

In a fissured quartz grain the individual cracks might be filled with 
calcite, and thus the appearance of metasomatic replacement oreated. 
The criterion of the replacement is the inward progression of the new 
aggregates, resulting in irregular and ragged masses, and the fact that 
the separated portions of the quartz no longer fit together. 

Specimens from the Merrifield. vein in Providence mine, thirteenth 
level, show the same greenish-gray mottled and schistose rock, some- 
times almost ^erpentinoid in appearance; in places granitic structure 
is still visible. Small seams of quartz and calcite traverse the rock, 
and sharply defined cubes of pyrite lie embedded in it. Under the 
microscope the rock is very similar to the one just describe<l; the 
quartz is in places drawn out to long strings of aggregates; calcite 
seams surround the pyrite; the feldspar is largely converted to sericite 
with calcite. A. little chlorite is also present. The analysis of this 
rock is shown under II, p. 149. It is essentially similiar to I, except 
that the alteration has scarcely proceeded so far, as is evidenced by the 
greater percentage of MgO, not needed for carbonates and belonging 
to the chlorite, and also by the larger remaining percentage of sodium. 

The altered grauodiorite from the Empire mine, twentieth level, 
occurring close up to the quartz (151 G. V.), presents the same appear- 
ance and effervesces greatly with acid. 

The microscopic character is practically identical with the specimen 
already described, and Analysis VII shows that the composition is 
also practically identical. Many small veins of quartz cut the sericitic 
aggregates. 

EXAMPLES OF ALTERED DIABASE. 

A specimen of the altered porphyritic uralite-diabase from the hang- 
ing wall of the North Star vein, twentieth level (10 G. V.), is a grayish- 
green rock with fine-grained groundmass and small greenish feldspar 
crystals. Under the microscope the rock is shown to be far more 
altered than its appearance would indicate; the diabasic structure of 
feldspar grains, in part interlocking, in part lath-like, is still visible 
but greatly obscured by an all-pervading aggregate of sericite, calcitei 
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and chlorite. Grains of titanic iron ore or titaniferous magnetite are 
in process of alteration to a bluisliwhite substance, probably titanite. 
The partly crushed rock between the walls of the vein is greenish- 
gray, soft and dense, and is traversed by narrow velnletsof carbonate, 
quartz, and pyrite. The alteration has here gone further and the orig- 
inal structure is scarcely recognizable. The analysis of this rock is 
given under VI, from which it is apparent that a great quantity of 
calcite is present. The analysis may be roughly calculated as follows: 




Calcite 

Magnesite 

Pyrite 

Quartz 

Titanite 

Sericite (with chlorite) 



The sericite is not pure, as is evidenced by the strong percentage of 
MgO and FeO. The latter is very high, and it is not certain to which 
mineral it properly belongs. 

The diabase of the banging wall of the Idaho- Maryland mine is not 
altered to such an extensive degree as the size of the vein would lead 
one to suppose. It is a soft, green, chloritic rock, containing only rela- 
tively small amounts of carbonates and sericite, but there is much iron 
pyrites in sharp crystals up to several millimeters in diameter. The 
microscope reveals a fairly well preserved diabasic granular structure, 
veiled by films and masses of chlorite; the titanic iron ore is converted 
to milky opaque aggregates. 



EXAMPLE OF ALTERED SERPENTINE. 

The serpentine of the foot wall of the Idaho-Maryland vein is, in 
places, greatly altered. Specimens (147 G. V.) from the sixteenth level 
near the shaft show near the vein a grayish green, distinctly schistose 
rock, soft and with greasy feel. At first glance it has the api)earaiice 
of a little-altered serpentine. Under the microscope it is, however, 
shown to consist predominantly of carbonates in coarsely granular aggre- 
gates between which lies an intimate mixture of chloritic, serpentinoid, 
and sericitic fibers. Grains of chromite, translucent with deep-brown 
color, do not appear to have been altered. At the same locality a large 
mass of the country rock (148 G.Y.) is included in the quartz, and this 
shows a still farther reaching alteration. It is greenish gray and dis- 
tinctly schistose; remaining films and streaks of greenish ser]>entine or 
chlorite appear in a predominant gray, finely granular mass. Under the 
microscope the principal constituent is seen to be magnesite in large 
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grains ; there is a little chromite, and many veinleta of quartz. Between 
the carbonate grains and extending into them lie wavy i)arallel streaks 
of a pale-greenish mineral, in part chlorite, in part serpentine. A few 
grains of i)yrite, but almost no sericite, are noted. There are also in 
intimate connection with the serpentine fine-grained aggregates of 
quartz. The analysis of this specimen is recorded under V in the table, 
p. 149. It may be calculated as follows, under the supposition that 
all of the calcium and the larger i>ortion of the magnesium are present 
as c€u*bonates, and that there is about 26 per cent free silica present: 



Per cent. 



Magnesium carbouate j 34. 78 

Calcium carbonate 8. 22 

Quartz 26.00 

Serpeiitiue, chlorite, and accessories 31. 00 



100. (X) 



The residue of serpentine, ek*., would then have the following compo- 
sition : 



Per cent. 



SiO. 34.23 

A1:0, 16.56 

FeO I 18.00 

MgO I 21.57 

ILO 9.64 



100.00 



This is evidently a mixture of minerals, probably chiefly chlorite and 
serpentine. As in the other analyses, the ferrous oxide is in excess, 
and it is doubtful to which mineral it belongs. The chromium in the 
rock has not been determined. The iree quartz in the analysis results 
partly from the small veins intersecting the rock, but some of it repre- 
sents without doubt the silica liberated by the conversion of the mag- 
nesian silicates into magnesite. 

EXAMPLE OF ALTERED SEDIMENTARY BOCKS. 

The massive siliceous argillite from the Federal I^oan, of which an 
analysis is appended on a preceding page, shows under the microscope 
a very fine grained allotriomorphie aggregate of quartz, feldspar, and 
brown mica, together with much pyrrhotite and some organic matter. 
Under the metasomatic influence of the vein solutions this is altered to 
a yellowish-gray aggregate of sericite, calcite, and residuary quartz; 
the pyrrhotite is changed to pjrrite. This alteration is, in a general 
way, well shown on PL VII, fig. &, representing iii natural size a piece of 
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vein quartz adjoining the wall in the Federal Loan mine. Next to the 
wall there will be observed a large number of small angular fragments 
of thoroughly altered rock of yellowish -gray color. This zone next to 
the wall represents tlie fine detritus accumulated on the foot wall and 
cemented by (|uartz. In the main quartz mass are several fragments 
of country rock in diflferent degrees of alteration. The sharj) outlines 
of the fragments, especially of the one in the lower right-hand corner, 
show that change in form or rounding of corners does not necessarily 
accompany the metasomatic process. In most of the fragments is also 
shown in all degrees a tendency toward replacement by arseiiopyrite 
as a last step in the metasomatic process, as well as an inclination 
of the pyrite to crystallize around the fragments. The lueces of coun- 
try rock, it is held, fell into the forming quartz mass simultane- 
ously with its deposition. To some extent this bleaching of the black 
argillite is also shown on PI. VIII, fig. c. The microscoi)e shows this 
altered yellowish-gray rock to consist of a mottled mass of clear seri- 
cite fibers, between which lie clouded masses of fine grained calciteand 
some leucx)xene (titanite). There are, further, abundant grains of 
pyrite and some arsenojiynte; in some places there are, with the pyrite, 
smaller masses of pyrrhotite, very strongly suggesting an alteration of 
the latter into the former. Many vemlets of carbonates are present, 
which as a rule contain little pyrite. 

An analysis of an altered wall rock collected on the dump of the 
mine is recorded under IV in the table, p. 140. The rock analyzed is 
gray, with splintery fiacture, contains many small veins of carbonates, 
as well as much pyrite; small grains of i)yrrhotite are occasionally 
visible. The analysis, while characteristic of the metasomatic rocks 
of the gold veins, does not indicate a derivation from an argillite, but 
of a basic rock rich in titanium and magnesium, such as one of the 
numerous dikes contained at this vicinity in the prevailing rock. 

The analysis may be calculated as follows, on the supi>o8ition that 
there is 7.75 per cent free silica present: 



IV I* t-eiit. 



Calcium carbonate. . . 
Magneeiuni cnrbonate 

Iron (carbonate 

Pyrite 

Quartz 

Titanite 

Apatite' 

Sericite 

Water below llO^C . . 
Fe,03 



15. 82 
9.62 
8.03 
4.20 
7.75 
4.14 
1.82 

47.79 
.30 
.17 

99. f 4 
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In this analysis there is enough carbon dioxide to form carbonates 
with all of the calcium, magnesium, and iron present. The sericite 
would, on the above supposition, bave the following composition: 



Per rent 



SiOj .M.21 

A1:0;, 32.54 

K3O 8.96 

Na.O I .40 

H2O 3 89 



100.00 



PI. VIII, fig. c, represents in natural size a specimen from the old 
Banner mine (77 N. C), showing well the shattering of the dark argil- 
lite by a network of quartz veins. Having been exposed to weathering, 
the carbonates containing iron have assumed a brownish color, which 
permits one to distinguish their frequent deposition along the sides of 
the veinlets, in contact with the argillite, instead of being mixed irreg- 
ularly with the quartz. The argillite does not appear much bleached, 
but is filled by i)yrite crystals, while there is no pyrite in the quartz. 
In thin section this lining of the fragments by calcite is even more char- 
acteristic, while the argillite is seen to be more altered in places than 
would be expected. Sericite fibers have developed in it, and small 
microscopic veinlets of calcite cut across it. 

At the Osborne Hill mine the vein, lies in porphyrite breccia, with 
abundant fragments of a sedimentary, brownish gray, fine grained rock. 
A specimen of the altered rock adjacent to the vein (83 G. V ) has light 
gray color, is traversed by many small quartz seams, and contains 
sharp crystals of pyrite. The thin section shows an original extremely 
fine grained, clastic structure, chiefly of quartz grains, strongly recall 
iug the argillite of Federal Loan ; between the grains, and also in them, 
lie very fine felted aggregates of sericite fibers. The analysis con- 
firms the microscopic evidence that the rock is derived from a siliceous 
argillite. The absence of carbonates in the. altered rock is notable. 
The analysis No. VIII in the table, p. 149, may be calculated as follows, 
on the estimation of 50 per cent free silica: 



Per cent 



Quartz 50.00 



Sericite 

Calcite 

MagDcsite 

Pyrite 

Apatite 

Titanite 

Water below 110<^ C 



46.24 
.26 
.47 
.56 
.34 
2 20 
.30 



100.37 
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And the sericite would have the following compoHition : 




SiO,.. 
A1:0,. 
Fe^O, 
FeO.. 
MgO. 
K ,0 . . 



Na..O 
H2O. 



46.07 

34.07 

1.67 

.97 

1 30 

10.55 

.71 

4.66 

100.00 



Analysis III shows the composition of the crushed rock from the foot 
wall of the Ural vein in the Providence mine It is a dark-gray, fine- 
grained rock with black, shining, and curved planes of scliistosity and 
containing many small but extremely sharp crystals of pyrite. Under 
the microscope it is very different from the crushed granodiorite of the 
hanging wall of the same vein, the original structure being that of an 
allotriomorphic, fine-grained quartz- feldspar aggregate; this structure 
is now partly veiled by a development of sericite, carbonates, and chlo- 
rite. Besides these are many small crystals of an opaque mineral 
which may be magnetite. The analysis shows a great similarity to II, 
which is the crushed granodiorite from the Merrifield vein. The origi- 
nal material is, however, very difterent. 

GOLD AND SILVER CONTENTS OF THE ALTERED WALL ROCKS. 

As has been stated before, the wall rocks, replaced by carbonates, 
sericite, and sulphides, generally contain very little of the precious 
metals, even when adjoining rich ore shoots. A number of altered rocks 
were tested by Mr. 0. Whitehead, assayer of the mint, with generally 
negative results. 



208 N. C , Providence mine (Annlysis II) 

212 NO, Providence mine (Analysis III) 

148 V^ Idaho mine (Analysis V) 

22 G. v., Hennosa mine 

104 0. v., North Star mine; near rich quartz 

151 G. v., Empire mine (Analysis VII); near rich 
quartz 



Gold. 


Silver. 


Per cent 


Per cent. 


None. 


02 


None. 


None. 


None 


None. 


None. 


.30 


Trace. 


.20 


None. 


.05 



It is worthy of note that the silver predominates, while in the quartz 
the contrary is the rule. 



CHAPTER XI. 

VEIN STRUCTURE AXD PAY SHOOTS. 

STRUCTURE OF THE VEINS. 

The character of the fissure determines, to a great extent, the strnc- 
ture of the vein. The simplest form of a fissure is a joint plane, such 
as is seen in regions of intense sheeting about the Lecompton and 
Canada Hill mines or in the seam belt of the Red Hill west of the 
Nevada City mine. On some of these joints there is a narrow line of 
quartz, accompanied by a slight bleaching of the rock on each side. 
Certain of these breaks along the joint planes may be more pronounced 
and extensive, or one larger break may be i)roduced instead of a series 
of smaller ones. In such case there is usually a more noticeable move- 
ment along the fault plane, and the sliding of two irregular surfaces on 
each other produced more or less continuous open spaces, which were 
subsequently filled with quartz. This is the character of the Idaho- 
Maryland, the Mountaineer, and the Omaha veins, for instance, and is 
well illustrated by PI. XI. The vein here consists simply of a filling 
of white quartz 2 to 3 feet wide between two parallel surfaces. The 
regularity is usually not maintained over a large extent of the vein. 
It is extremely common to find local pinches, and sometimes the vein is 
found to close down to a mere seam in whole levels, above and below 
which good ore is found. Again, in places the vein loses its regular 
character by reason of local fracturing and brecciating of the hanging 
wall. A typical occurrence of this kind is shown on PI. XII (see also 
detailed descriptions, Idaho vein, p. 229). To this first relatively simple 
type many veins in the district belong. 

Another class of veins, to which the Empire, the North Star, and 
many others belong, presents a somewhalt more complicated structure. 
In them the simple clean break is replaced by a compound one, in 
which two or more distinct fractures have been formed at a distance of 
a few feet; between these lies more or less crushed and brec(*iated rock. 
Quartz-filled fissures lie along the hanging wall or along the foot wall, 
or along any minor break m the rock between the walls. The letter 
may more or less distinctly assume the character of a breccia cemented 
by quartz. It is usual, however, to find the main quartz vein close to 
the hanging wall. The rock between the walls is always most altered * 
by metasomatic processes. The little veins and seams, sometimes, as on 
PI. XIII, forming a network in it, are predominantly composed of cal- 
cite. This structure is illustrated by Pis, XIII, XIV, and XV. See 
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also fig. 18, Pittsburg vein, p. 202. The hanging wall is generally more 
distinct than the foot wall. 

In the examples mentioned thus far, the evidence of extensive move- 
ment along the vein is less pronounced, the brecciated structures indi- 
cating a sudden short break rather than a long-continued grinding of 
the walls against each other. Schistose structure, due to the latter 
condition, occurs in places — for instance, along both walls in the Idaho- 
Maryland and the North Star, but only in the Ural and Merrifleld 
veins does it becomes prominent. In these the quartz, where the vein 
is simple, is adjoined by several feet of schistose rocks, produced by 
the pressure and movement along the fissure; where the vein is com- 
pound, smaller streaks and seams of quartz are distributed through 
this schist, which may attain a width of 20 feet or more. 

The width of the quartz vein may in some cases attain several feet. 
On the Merrifield vein a width of it and 10 feet of solid quartz has been 
observed, and in the Ural vein, in the Nevada City mine, one smaller 
ore body reached 12 feet. Ordinarily 2 to 3 feet is the width of the 
Merrifield and Ural veins. The other veins in the Nevada City district 
will not average 2 feet in width. With a few exceptions, the veins in 
the Banner Hill district are narrow, averaging hardly more than 18 
inches. The Grass Valley veins are narrow, excepting the Idaho- 
Maryland, Gold Point, and a few more, and scarcely average 18 inches 
in width. Many veins, such as Houston Hill and Norambagua, have 
paid well with an average width of 6 inches, or even less. Seams with 
only an inch or two of quartz will sometimes contain an extraordinary 
amount of gold. 

In the comparatively soft black slates of the Mariposa formation, 
along the Mother lode, a vein structure frequently appears, which, 
though not occurring in the region described, may be mentioned for 
comparison. The vein lies along the contact of black slate and diabase, 
separated by a distinct, and often polished, hanging wall of the latter. 
There is rarely a continuous and well-defined vein, but the black slate 
is crushed, sometimes over a width of 20 feet, or even more, and stringers 
of quartz penetrate it in all directions, in the manner shown on PI. 
XVI, from a photograph by Mr. N. W. Emniens. Again, the pay is 
containeil in the quartz, but it is, of course, necessary to mine the whole 
width of the stringer zone, which thus furnishes large masses of a low- 
grade ore. The plate shows, in addition, a curve of the principal mass 
of quartz, which may be due to movement subsequent to deposition. 

THE PAY SHOOTS. 
GENERAL FEATURES. 

The rich quartz may occur in entirely irregular patches and areas on 
the plane of the vein. It is much more common, however, to find it 
occurring in more or less regular bodies, usually referred to as "ore 
shoots." Extremely rich masses of small extent and irregular form are 
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called ''pockets," or when they have a regular, long-drawn form, 
" chimneys." Pockets with local accumulation of coarse free gold often 
occur in the pay shoots of the Grass Valley mines; the Peabody and 
also the Gold Hill mines in Grass Valley, the Sneath and Clay and the 
Mohawk near Nevada City are examples of such pocket veins. The 
quartz between the pockets may be almost barren or it may contain a 
fair-grade ore. 

In most of the veins the development of quartz is not confined to the 
ore shoots. In other words, the vein preserves its general character 
over a large area, but only in part of it — the ore shoot — does the quartz 
contain enough gold to be extracted as an ore. In another and smaller 
class of veins, represented by the Nevada City, the Omaha, the Pitts- 
burg, and others, all quartz occurring in the vein is good ore, and out- 
side of the ore shoots the vein closes down to a seam. The question 
what grade of quartz is regarded as ore of course influences the extent 
of the shoots. In the districts here considered, everything above $6 
per ton, the average cost of deep mining and milling, is included as ore, 
although in most mines this tenor is considerably exceeded. 

FORM OF THE SHOOTS. 

A few characteristic ore shoots are shown on Pis. XVII and XVIII, 
and others will be found in the detailed descriptions. In general, the 
shoot has an elongated shai>e, and forms an angle with the horizontal 
plane, which generally ditfers, though usually not greatly, from the dip 
of the vein. In other words, the shoot usually pitches at a steep angle 
on the plane of the vein. The following law api)ears to govern the 
general direction : The shoot will^ as a rule, pitch to the left of an observer 
standing on the apex of the t>ein and looking down in the direction of the 
dip.^ 

In a number of veins there is, to be sure, no great regularity, or the 
ore shoot will often be found to dip at the same angle as the vein, but 
the number of instances in which the above rule is applicable renders 
it indubitable that this occurrence of the ore is the result of certain 
conditions as yet not fully understood. This law holds good in a great 
many mining districts of the Gold Belt outside of these here described, 
and it is certainly worthy of close S(a*utiny. Pay shoots dipping in 
opposite direction from t]iat stated above are said to occur on the Gold 
Flat vein, the Slate Ledge vein, and the Little Diamond vein. 

No relation could be established between the direction of the i)ay 
shoots and the direction of the striation on the walls. According to 
the so-called Clayton's law, they should coincide. 

Pay shoots may cross from one formation into another without change. 
As examples may be cited Providence mine, Merrifleld vein, in the 
Nevada City district; Union vein. Banner Hill district; Empire vein 



* While this law has lK>en well known by the miners for many years, yet it has not been diMtinctly 
stated before. In Bean's Directory it is applied to the north-and-sonth veins only (p. 65, Statement 
byT. H. Rolfe). 
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LiNDOHiH.i THE PAY SHOOTS. 161 

and Grauite Hill vein, Grass Valley district. The ai)ex of most of the 
large pay shoots discovered very uaturally crops on the surface, but 
this is not an invariable rule. The apex of the Eureka- Idaho shoot, for 
instance, was found at a <lepth of about KM) feet; the beginning of the 
main ore shoot of W. Y. O. 1). was not found till a depth of several 
hundred feet was reached; neither did the rich shoot on the Ural vein 
in the l^rovidence appear on the surface. The i)os8ibility of finding a 
new ore shoot at any dei)th must be conceded. 

While the largest ore shoots may be from several hundred up to 2,000 
feet wide and up to 3,000 feet long, there are many shoots on the smaller 
veins which have a much less width and length. These smaller shoots 
sometimes go down to great depth, but are in general less to be 
depended on for permanence in <lepth than wider ore bodies. Even the 
small chimneys and pockets in the seam belt of Ked Hill are stated to 
follow the law stated above. 

The North Star workings (PI. XXIII) form an excellent example of a 
large ore shoot following the same law. In this case the main shoot is 
composed of a number of smaller ore bodies with similar trend, separ- 
ated by spaces in which the vein has closed down to a seam. The 
Eureka-Idaho ore shoot (fig. 27, p. 229) is unique in its long extent and 
flat dip; this is also probably the most uniform shoot in the district, 
containing relatively few barren places or pinches and having a known 
length of over 3,000 feet. No relation of the ore shoots to the cross 
fissures could be found. Indeed, the latter are generally later than the 
ore fissures and do not carry quartz. Intersection of two veins — a 
phenomenon not very often observe<l — will sometimes, but not always, 
produce richer ore bodies. 

PBKMANKNCE IN DEPTH. 

This question is one of the highest imjjortance, bringing up the whole 
future of the industry of gold mining. 

It is certain that the experience with many of the smaller bodies of 
ore is that they give cmt <»r pinch at varying depth.' Others, again, 
have continued to the greatest depth at which the exploitation of the 
mines has been carried on. Similar relations prevail in regard to 
the large ore shoots. While some have been found to cease in depth — 
the Sierra Bnttes mine, in Sierra County, being a well -authenticated 
example — others continue to the deepest levels as strong as or stronger 
than in Ihe upper part of the mine, the Kennedy mine, in Amador 
County, being an example of the latter class. 

The frequent local irregularities of most shoots make it very difficult 
to affirm, without extensive explorations, that the end of any certain 
ore body has been reached. Owing to the habit of immediately dis- 
tributing all of the profit as dividends, reserve funds for exploratory 



'This disctuaion refers only to the oivn lielow the x<»iit' of oxidation. It in w»'ll known that the oven 
ahove the water level are, from cannen of local concentration, richer than th(»He not altered, and an 
impoverishment may generally Ih» expectf'd below the water level. 

17 GKOL, PT 2 11 
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work are seldom available, and a local impoverishment in a level has 
often been sufficient to close a good mine. Experience with the large 
shoots is still insufficient for safe generalization. 

The ore shoot of the North Star extends for a distance of about 2,600 
feet in depth, measured along the plane of the vein. When approach- 
ing the sedimentary area to the west, it was cut off or divided into 
stringers. Still, the explorations are scarcely extensive enough to affirm 
that its end has been reached; its continuation may be found, or a par- 
allel shoot may be found in depth. In the case of the large Empire 
shoot a complication has arisen, due to a split of the main vein, reduc- 
ing the tenor of the ore by dividing it on three veins. The Eureka- 
Idaho shoot has held its own remarkably well and uniformly over a 
distance of over 5,000 feet, though the richest part of it was probably 
found in the Eureka and the western part of the Idaho ground. 

High-grade ore is now mined in the Maryland mine on the same shoot 
at a vertical depth of 1,500 feet, and a small ore shoot was found near 
the bottom of the Idaho shaft at a depth of 2,200 feet. As gold-quartz 
veins of fair grade occur near the summit of Banner Hill, at an eleva- 
tion of 3,800 feet above the sea, or 3,500 feet above the bottom of the 
Idaho shaft, we have in this district within short distance a vertical 
interval of 3,500 feet within which there is no evidence of any gradual 
change in the character or quality of the ore. Again, in the vicinity of 
Washington, Nevada County, excellent quartz is mined 600 feet below 
the river level, in the Eagle Bird mine, and on the ridges north of the 
river 2,000 feet above the river level. In this distance there are no 
distinct differences in the quality of the ore. 

Many smaller veins carry only one ore shoot, but in the larger fissures 
there are generally several of them. There is a strong probability that 
in such veins thorough exploration laterally or in depth will develop 
new bodies of ore if the one on which exploitation has been carried on 
is found to ]>inch out. The question will naturally arise as to whether, 
with increased depth and cost of mining, it will be a good venture to 
carry on the necessary dead work. This will have to be decided by the 
record of the mine and the character of the fissure. 

It is generally conceded now that fissures are, comparatively speak- 
ing, surface phenomena, and that below a certain depth, where plas- 
ticity and flow of rocks under pressure come into play, open spaces 
can not exist. This limit Professor Heim, for instance, places at 16,000 
feet, while Professor Van Hise, basing his consideration on the strength 
of rocks, arrives at 33,000 feet as the maximum limit for hard rocks in 
which fissures can exist. Even the lowest of these estimates far exceeds 
the depth of practicable mining. But it is not likely that all fissures 
continue until that limit. On a small scale the discontinuance of fis- 
sures may be observed in extensive sheeted outcrops. It is also an 
incontestable fact that many small veins' close up m depth, while 



I These ninall flssares, though not continuous in depth, may easily have been accessible to the 
thermal waters by cross seams connecting them with the larger conduits. 
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others continue unchanged. In considering the probable permanency 
of a given vein, its general character must be taken into consideration. 
Continuous well-defined outcrops and wide bodies of quartz are in gen- 
eral good indications of the maintenance in depth, as is also any evi- 
dence of strong faulting and movement. Some quite extensive veins, 
though, have relatively short outcrops. Thus, the Eureka-Idaho prac- 
tically shows croppings only for a distance of 2,000 feet, but within 
that distance they are very promineut. Those of the Korth Star are 
less than 2,000 feet long. From the developments to the east along the 
Omaha system it is pretty certain that the vein does not continue far 
across in that direction. A fissure which can be definitely proved to 
extend only a short distance will in all probability be found to be cor- 
respondingly limited in depth. In regard to probable permanency of 
the vein in depth, the Ural and Merrifield, along which extensive 
faulting has taken place, stand first in the districts. 

In scrutinizing the scant statistics of the production, in tonsand value, 
of the* Grass Valley district, it can not be denied that they show on 
the whole a distinct decrease. There is also a distinct decrease in 
the average value of the ore. It is not safe, however, to draw too far- 
reaching conclusions from these data, because there are many factors 
involved: The cost of treatment and mining has decreased greatly by 
reason of the modern methods introduced, and more low-grade ores are 
now milled than formerly; nor are there any rich surface ores left to 
swell the grade. 

Leaving the difficult question of deep mining out of consideration, 
there are, however, in both districts a large number of veins which have 
been only slightly developed, but which with improved methods may 
be converted into paying mines. The development of these will proba- 
bly maintain the production of the district for many years in the future, 
even if no new ore bodies are discovered in the old mines. 

It can be confidently stated that there is no gradual diminution of 
the tenor of the ore in the pay shoots below the zone of surface decom- 
position. Within the same shoot there may be many and great varia- 
tions of the tenor, but there is certainly no gradual decrease of it from 
the surface down. This important fact has been previously stated 
by those conversant with the veins, such as Professor Silliman and 
Mr. J. A. Phillips. The statements to the contrary, for instance, by 
Mr. Laur or Mr. Eeyer (see literature in Chapter I, pj). 16-17), are due 
to imperfect acquaintance with the facts and generalization from insuf- 
ficient premises. 

CROSS-CUTTING. 

As a means of finding new and parallel veins, cross-cutting is fre- 
quently advisable, especially in thoNC parts where strong sheeting of 
the rocks prevails. In the larger part of these districts, however, a 
series of parallel, distinct veins appear instead of the sh<»,eting. These 
veins are nearly always traceable on the ground, and in such cases cross- 
cutting has rarely developed veins not known already on the surface. 



CHAPTER X T T . 



THE FISSURE SYSTEMS. 



That the veins are practically IndependeDt of the geological structure 
aud that the strike and dip vary greatly are facts that have alrea<ly 
been emphasized. However, certain systems with definite relations 
between one another may be easily recognized. 

THE VEINS WITH A GENERAL EAST-WEST STRIKE. 

Many of the most important deposits of the district are found on 
veins having a general east-west strike, which may be grouped in a 
number of subclasses: 

The Willow Valley group, — This comprises the veins with moderate 
northerly or, more rarely, southerly dip (as the Federal Loan), occurring 
along Deer Creek, in the Banner Hill district, from the Texas mine to 
the Constitution. The strike is generally a little north of east. The 
central eastern part of this system is intimately connected with an 
extensive system of sheeting crossing the granodiorite contact. No- 
where, indeed, can the close connection of the veins with the sheeting 
of the country rock be better demonstrated, the veins simply forming 
the most prominent of the joint planes. The facts noted in the detailed 
descriptions of the Federal Loan and the Never Sweat mines indicate 
the intimate relation and contemporaneous origin of the veins dipping 
north and those dipping south. It will be suitable to designate groups 
of veins with the same strike but symmetrically opposite dip as conju- 
gated systems.^ 

A line of veins with east- west strike and moderate to flat southerly 
dip extends from the Mayflower and Beckman to the Mohigan, south of 
the granite contact, and evidently belongs to this group. 

The North Star group. — The strike in this group, which is developed 
only in the vicinity of the North Star mine, is generally WNW., and 
the dip moderately to extremely flat either north or south. The 
extremely intimate connection between the veins of these conjugated 
systems is again made clear by the developments in the New Rocky 
Bar (PI. XXII), where two veins, one dipping north and the other 
south, join in a curved arch flUed with quartz. 

The St. Tjouis group. — Represented chiefly on the Banner Hill sheet 
by the St. Louis, Big Blue, and other veins, this group is distinguished 
by a strike about parallel to that of the Willow Valley vein, that is. 
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eiwst-west or WSW.-ENE. The dip is, however, very steep, approach- 
ing: 9^^? aiid generally a little toward the north ; the veins are often 
wide, but generally of low grade. In the (Jrass Valley district and in 
the vicinity of the Pittsburg mine and at other places in the Nevada 
City district there occurs a series of joint planes and fissures, rarely 
filled with quartz, which cut and sometimes fault the veins belonging 
to other systems. The dip is steep, to the north or south, and the 
strike in most cases ENB. It is probable that these ^' crossings,'^ as 
they are locally called, belong t^ the St. Ijouis group. That they are 
still open fissures is indicated by the ease with which water circulates 
on them; they are, in fact, the ])rincipal subterranean watercourses, 
and in the vicinity where they prevail the deei>est mines will drain all 
the smaller ones in the neighborhood. 

Thr Idaho- OrkanH group. — This important division is characterized 
by a strike varying between east-west and WNW.-ESE. and a steep, 
generally southerly, dip. The latter is, however, sometimes also at 
steep angles to the north, and, indeed, the Eureka vein is said to change 
from a southerly to a northerly dip in its western extension. The veins 
belonging to this group are strong, wide, and well defined. The Idaho, 
Orleans, Coe, Gold Point, and Imperial (on Deer Creek, west of the 
limits of the sheets) are illustrations. In which group the Spring Hill, 
Alpha, and Kentucky should be counted is doubtiiil. Toward the east 
the veins belonging to this group acquire a more decided northwesterly 
strike. In this group again, as in Uie others, there are indications of 
two conjugated systems with dips in symmetrically opposite directions. 

THE VEINS WITH A GENERAL NORTH-SOUTH STRIKE. 

To this class the majority of the veins belong, both in the Nevada 
City and the Crass Valley district. While the strike may be subject 
to variations extending from NN W. to NNE., there does not seem to be 
any reason for separating these veins into more than two groui)s. 

The Providence group. — Dip, medium to flat to the east. These veins 
are represented in the Banner Hill district by the Banner Hill system, 
as well as by the Buckeye, (rrant. Enterprise, and others, in the 
Nevada City district they are extensively represented by many smaller 
veins and by the important system of six or seven veins, radiating from 
a point near Town Talk toward NNW. and NNE. and then again all 
bending toward NNW. The Ural vein makes the most sudden bend, 
changing to a direction pracjtically parallel to that of the Orleans-Idaho 
system. The Ural and Merrifleld veins are among the most important 
in the district, and extensive faulting has without doubt occurred on 
them. 

In the (irass Valley district veins dipping east at flat angles are 
found on Gold Hill, Massachusetts Hill, and along the foot of Osborne 
Hill. They are generally narrow and often very rich. Sheeting par- 
allel to this group is noted along Wolf Creek at the Larimer mine. 
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The Omaha-Empire group. — Dip, medium to flat to the west. This 
group is also of great importance. In the Banner Hill district it is rep- 
resented by the Deadwood, Murchie, and Canada Hill veins, at the 
latter place accompanied by extensive sheeting of the granodiorite : in 
the Nevada City district only a few larger veins, such as the Sneath 
& Clay and the Mohawk, dip to the west, but in the seam belt of Red 
Hill, west of the Nevada City mine, a great number of seams and 
narrow veins dip in that direction. The direction ha» been, however, 
changed so much to the northwest, following the great bend of the Ural 
vein, that the identification with the north-south class of veins becomes 
doubtful. In the Grass Valley district this group is abundantly repre- 
sented by the Dromedary vein, continued southward by the Omaha 
system, and by the great Empire-Osborne Hill system of linked veins, 
in which the general direction has changed to some degrees west of 
north. Extensive sheeting parallel to this group of veins is shown in 
the northwestern part of Grass Valley (PI. III). 

Considered together, these two groups may again be regarded as con- 
jugated systems of fractures. The exposures at certain mines, such as 
the Pennsylvania and W. Y. O. D., show the very intimate connection 
existing between the two groups and their contemporaneous origin, 
the quartz veins of one group sometimes falling back on fissures belong- 
ing to the other. 

In each of the different groups of the east-west veins, as well as in 
the north-south veins, there are thus two conjugated and apparently 
contemporaneous systems with approximately similar dip in opposite 
directions. 

INTERSECTION, FAULTING, AND RELATIVE AGE. 

Intersection and faulting are not of frequent occurrence, and the 
opportunities for examining such phenomena from personal inspection 
are not abundant during one short season of investigation. The fol- 
lowing facts are gathered from the detailed descriptions: 

Veins ot the Willow Valley group fault the Deadwood vein, which 
dips to the west, producing a reversed fault. 

The Big Blue cuts through the Lone Star vein, dipping west. The 
St. Louis vein faults the Canada Hill, dipping west, and the fault is 
again a reversed one. Several east-west veins about parallel to the 
St. Louis fault the Floyd, dipping east, and the Beckman, dipping 
south. The movement is apparently a relative down-throw of the 
south side, diagonally inclined toward the east. 

The Nevada County and the Mountaineer veins are faulted by east- 
west veins. The Pittsburg and the Gold Flat veins are repeatedly cut 
and somewhat faulted by perpendicular east-west seams, resulting in a 
relative downthrow of the north side. 

In the Grass Valley district the barren cross-seams with steep dip 
and ENE. strike frequently fault the veins of the Empire and North 
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Star groups a little, the movement being generally in the nature of a 
reversed fault. A bending of the faulted vein is very frequent. 

The faults are sometimes effected by single fault planes, but it is more 
frequent to find several parallel pldnes a short distance apart, on which 
gradually decreasing differential movement has taken place. 

Summing up the evidence, the results obtained are: 

That the north-south contemporaneous conjugated systems are the 
oldest veins; 

That the veins of the St. Louis group are the most recent, and that 
the Grass Valley ''crossings," though not as a rule filled with quartz, 
belong to this group ; 

That the veins of the Willow Valley group are more recent than the 
north-south veins, but older than the St. Louis veins; 

That the North Star group is probably contemporaneous with the 
Willow Valley group; 

That there is no direct evidence of the relative age of the Orleans- 
Idaho system, but that it is probably of the same age as the north- 
south veins; 

That reversed (overthrust) faults, with a relative upward movement 
of the hanging wall, are prevalent. In the Merrifield and Ural veins 
the throw measured along the hade of the fault probably exceeds 1,000 
feet, while in all other known cases the displacement is relatively small, 
possibly excepting the Idaho-Maryland vein. 

RELATION OF THE VEIN SYSTEMS TO GEOLOGICAL STRUCTURE. 

Considered in detail, no connection can be said to exist between the 
distribution of the veins and vein systems and the geological stmc- 
ture. Veins of the different systems occur in practically all the diverse 
rocks and cross all principal contacts without being'influenced by them. 
They do not, as a rule, follow any contacts except where subsequent 
faulting has made the plane of the vein the contact plane. From this 
statement should, however, be excepted certain veins in serpentine, 
such as the Kentucky and in part also the Eureka-Idaho, which show 
an inclination to follow the line of diabase dikes in the first-named rock. 

The veins do not, except locally, follow the schistosity in strike, and 
apparently never in dip. The different degree of resistance of rocks to 
deformation of course influences the fissures to some extent, but con- 
sidering the great diversity of rock types this influence must be char- 
acterized as slight. 

The fissures are more apt to be straight and clear-cut in hard, even- 
grained rocks, such as diabase and granodiorite, being splintery and 
irregular and easily breaking up into brecciated zones in argillite. Fis- 
sures in serpentine rarely continue unbroken for a long distance; in 
fact, to enter serpentine seems fatal to the continuation of most veins. 

It might be said in a general way that the veins of the WMllow Val- 
ley group are narrow and contain rich ore, much snlphurets, and a 
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cousiderable percentage of silver, but certain nortb-south veins in the 
same district have tbe same cbaracteristics. Tbe IdaboOrleans groap 
may be characterized in general as heavy veins with but little sulphu- 
rets and little silv er. On the whole,*the rules which might be adduced 
are very vague and indefinite. 

Nor can any distinct influence of the country rock be said to exist. 
Veins occur in granodiorite, diorite, gabbro, pyroxenite, and serpentine; 
in diabase, porphyritic diabase, and porphyrites; in amphibolitic, chlo- 
ritic, and micaceous schists; in chiy-slate, sandstone, siliceous argillite, 
and contact breccias. In scrutinizing closely the data in the detailed 
description it is found that the inetasomatic processes have been prac- 
tically identical in all these rocks, and that the character of the filling — 
that is, the principal ore — varies greatly, but is not constant for the 
same rock; it even varies in different parts of the same vein in the 
same rock. Veins in granodiorite and argillite often carry much sul- 
phurets and silver, veins in diabase little of these substances, and of 
the former chiefly pyrites and galena. But these tentative rules have 
so many exceptions that their value becomes extremely problematical. 

On the other hand, the influence of locality is strongly pronounced. 
The Willow Valley and Canada Hill veins form one group, the City 
veins another, the Providence-Mountaineer veins still another. The 
southern end of the Osborne Hill system is characterized by arseno- 
pyrite, as are the Forest Spring veins, in greatly ditteriug rocks. 

Leaving the details and looking at the occurrence of the gold veins 
at Nevada City and Grass Valley, together with those of the surround- 
ing country, the great concentration of deposits in the district described 
is the first striking fa(*t. 

To the west there extends down to the foothills vast areas of grano- 
diorite, diorites, and porphyrites, in which only 8c;attered quartz veins 
occur. To the south the almost barren augite-porphyrites reach down 
to Auburn. Toward the north stretches the granodiorite massif of 
Nevada City-San Juan, containing many placer deposits, but few quartz 
veins. Eastward, finally, are the sedimentary clay-slates of the Cala- 
veras formation, on which lie many placer deposits and which contain 
many small, scattered veins, but no important vein systems until the 
vicinity of Washington, 15 miles east, is reached. 

Between these relatively barren areas and the crowded fissure sys- 
tems of Nevada City and Orass Valley, filled with rich gold ores, the 
contrast is very strong. Considering the veins of Banner Hill and the 
Nevada City district as a whole, it can not fail to strike any observer 
that, while oc^Hirring in any of the several r6cks of the vicinity, they 
are chiefly grouped along the semicircular contact of granodiorite with 
the older rocks. 

To the south of this zone is a comparatively barren belt until the 
Grass Valley district is reached. Here again the veins show some rela- 
tion to the smaller massif of granodiorite, occurring on both sides of it 
and in it along its whole extent. 
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ORIGIN OF THE FISSURE SYSTEMS. 

The first point emphasized by the study of the veius is the practical 
identity of the joints and sheets with the vein fissnres, the only differ- 
ence being one of degi-ee of dislocation. The second is that schistosity 
of the rocks adjoining the veins may to some extent be produced by 
the same forces which produced the veins and joints. A third is the 
fact that each group of veins contains two subgroups, whicli, with the 
same stiike, dip in opposite and symmetrical directions, the two sub- 
groups being designated conjugated fractures. 

The explanations of the joints, fissures, and occasionally accompany- 
ing schistose structure appear to be furnished by certain experiments 
by Daubree * and by the mathematical deductions of Becker.^ 

It is plain that the formation of joints and fissures and the movement 
produced on them are due to mechanical causes. Tensile stresses — 
contraction and dilation — can not, as shown by Becker, explain these 
phenomena, for they result in the formation of curved and broken, and 
not extensive plane, partings; the fissures and joints would be gaping 
and there could be no slickensides on the parted surfaces. 

Torsional stress can, according to the well-known experiments of 
Daubree, produce two main sets of fractures approximately at right 
angles to each other, and usually at nearly 45^ to the axis of torsion, 
the minor fractures often showing divergent directions. This explana- 
tion has been proposed for fissure systems — for instance, those on which 
the metalliferous veins of the Hartz are found. A closer examination 
shows, however, that the fissures produced by the experiments are 
nearly always curved and warped surfaces, and not approximate planes, 
as are the fissures here under consideration. 

Becker ^ considers the experiments on the torsion of glass eciuivalent 
to the application of a system of tensions peculiarly distributed, and 
that the fissures produced in any mass physically resembling glass will 
exhibit the peculiarities of tensional fractures, together with some 
marked characteristics of their own. 

This theory rejected for the present case, the only adequate one 
remaining is that of direct pressure, according to which the joints and 
fissures are produced by shearing stress. This, indeed, appears to 
explain perfectly all the facts observed, and especially the frequency of 
overthrust movements or reversed faults. In Daubree's beautiful 
experiment* on a mass of beeswax and resin two conjugated systems 
of joints and fissures were formed, making an angle of about 45^ with 
the line of pressure, and similar results have been obtained by test- 
ing cubes of building stones. These conjugated systems, which are 
approximately at right angles to each other, reproduce very closely 
the north and-south veins of the districts here considered, with the 



I fitades Bynth^tiquca de g^>oIogie exp/>rimentale, p. 316. 

* Finite homogeneous strain, etc. : Bull. Geol. See. Am.. Vol. IV, 189.'(, p. i.X 

* The torsional theory of joints : Trans. Am. Inst. Min. Eng., February. 1894. 
*Loc. cit. 
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exception that the lateral angle between the planes dipping east and 
those dipping west is generally somewhat less than 90°, The east- 
west fissure systems are more irregular, the angles between the two 
seta of planes varying from 20^ up to nearly 180^, and are, at least in 
l)art, later than the former systems. 

It is thus most probjible that the fissure systems have been produced 
by a succession of compressive stresses applied in ditterent directions, 
chiefly from east to west and from north to south. 

In the study of this question the fact should be borne in mind that 
not only vertical but to some extent also horizontal displacements have 
occurred, as indicated by the often inclined direction of the striations 
on the wall. The schistose structure often acjcompanying the veins 
api)ears, in conformity with Becker's view, due to relative tangential 
movement in the same direction as the fissure, but not reaching the 
limit of cohesion of the rocks. 

TEMPERATURE IN THE MINES. 

But few of the mines of Nevada City and Grass Valley have reached 
a vertical depth of over 1,000 feet, and the temperature of the air in 
the upper workings ordinarily ranges from 55^ to 60^ F. The Idaho- 
Maryland has at present attained greater depth than any other, and it 
seemed of some interest to obtain data from it as to the increase of 
temperature in the lower levels, even if the methods adopted were crude 
by necessity. A 2-foot thermometer was procured from Mr. A. Lietz, 
of San Francisco, and by him carefully compared with a standard. 
The graduation was in Fahrenheit. The instrument was inserted in 
bore-holes 2 to 3 feet deep, the opening carefully stepped up, with the 
neck of the thermometer protruding, so that it could be read by draw- 
ing it out a few inches. The thermometer was allowed to remain till a 
constant temperature was registered, usually about half an hour. The 
tests were made June 14, 1894. A bore-hole was first made in the drain 
tunnel, 250 feet from the mouth and about 30 feet below the collar of 
the shaft. The hole was 3 feet deep and in gabbro, the rock being very 
damp. Temperature in drift, +57 Jo F. = + 14.2oC. Temperature in 
bore-hole, +53^^=^ F. = + 11.90 c. 

The next observations were taken in the face of the drift on the fif- 
teenth level, 1,523 feet vertically below the drain tunnel. The deepest 
point attained in the mine is 2,151 feet below the drain tunnel, or 2,181 
feet below the collar of the shaft, but no levels below 1,600 feet are 
now accessible. 

A damp bore-hole on level 15 gave the temperature of +060 F., or 
+I8.90 C. The water on this level had a temperature of +62o F., or 
+I6.70 C. 

Further observations were made in the stope 40 feet above level 15, 
or 1,483 feet below the drain tunnel. A wet bore-hole in quartz gave 
the same results as 40 feet below, or +I8.90 0. A dry bore-hole in 
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quartz gave a little higher result, +67Jo f,, or +19.6o C. The air in 
the stopes had a temperature of +69° to -|-70o F., or about +20^ C. 

Taking the damp bore-holes in the drain tunnel and on the fifteenth 
level for comparison, we have an increase of 12Jo F., or 7^ C, in a depth 
of 1,523 feet. Supposing it to be uniform, this is equivalent to an 
increase of 0.82° F. per 100 feet, or l.oo C. per 100 meters. In other 
words, it is equivalent to an increase of 1° F. per 122 feet, or 1^ C. 
per 66 meters. This is probably the most nearly correct value for the 
increment. Taking, however, the difference between the dry bore-bole 
in the stope and the damp one in the drain tunnel, a dift'erence of 13. 75° 
F. in 1,483 feet, or of 7.7° C. in 452 meters, is obtained. This corre- 
sponds to an increase of 0.93^ F. per 100 feet, or of 1.7° O. per 100 
meters. In other words, it is equivalent to an increment of 1^ F. in 
107 feet, or lo C. m 59 meters. 

In discussing these results it should first be stated that the tempera- 
ture of 53.50 Y. of the rock obtained in the drain tunnel, 30 feet below 
the surface, is apparently considerably different from the mean annual 
temperature of the air. There are no temperature data available from 
Grass Valley so far as I know, but the records from Colfax, Cal., 14 
miles away and at nearly the same elevation, viz. 2,500 feet, cover a 
number of years and give a result of nearly 59^ F. An average annual 
temperature of 53^ F. is not reached until at an elevation of about 4,000 
feet. It is further clearly apparent that the increment observed is 
very small compared with the values usually obtained. P^ven assum- 
ing the larger increment of about 1° F. per 107 feet, the tem])erature 
would only be 91° at a depth of 4,000 feet. 

Professor Prestwich^ gives the mean increment for coal mines as 
10 F. per 49.5 feet; for other mines, per 43.2 feet, and for artesian 
wells, per 50 feet. Different localities show, however, greatly diverging 
results. Professor Hallock found in the well at Wheeling, W. Va.,* 
4,500 feet deep, an increase of 1^ F. for 80 to 90 feet in the upper part 
of the well, and of 00 feet in the lower part. Mr. Alexauder Agassiz^ 
found recently in the Calumet and Eecla copper mine, Mic^higau, 4,700 
feet deep, an average increase of 1^ F. per 224 feet, or 1^ C. per 122 
meters. This is decidedly the slowest increase noted anywhere, but 
the temperature at a depth of 100 feet appears in this case to be much 
higher than the average temperature of the air in Michigan. If the 
latter is contrasted with the temperature in depth a much more rapid 
increase is obtained. It is to be hoped that more observations will 
be made on the temperature of deep mines in the Gold Belt. Many of 
them appear to have a remarkably low temperature considering the 
depth, and it was this observation that led to the experiments here 
recorded. 



1 Proc. Royal Soc. London, Vol. XLI, 1886, pp. 1-116. 
> Am. Joar. Sci.. Vol. XLIII, 1892. p. 234. 
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CHAPTER XTII. 

GEXK8IS OF TllK VE1N8. 
AQUEOUS DEPOSITION CERTAIN. 

It has been established iii former chapters that the veins occur on 
fissure systems in the rocks, produced by a compressive stress, and that 
these fissure systems are later than any part of the pre-Cretaceous rock 
system. The substances due to vein formation are shown to be in part 
country rock altered by metasomatic processes, in part fillings of pre- 
existing cavities, the ores proper consisting almost exclusively of the 
latter class. 

It has been assumed that these substances are due to the action of 
aqueous agencies, or, more definitely, to certain solutions containing, 
dissolved, the various metals and elements which are now found on the 
veins. The formation of quartz veins by these agencies is now so gen- 
erally accepted that it is only necessary to *point briefly to the facts 
indicating such an origin, the only remaining alternatives being an 
origin by sublimation or by gaseous emanation. Among these facts are 
the character of alteration of the country rock, including the removal 
of certain elements, such as sodium, the formation of hydrous minerals, 
and the occurrence of extremely abundant fluid inclusions in the quartz. 

Admitting the aqueous deposition as a fact, the problems oflering 
themselves are the character of the solutions and their origin, as well 
as the cause of deposition. 

CHARACTER OF THE SOLUTIONS. 

The filling of the veins, and especially the metasomatic rocks accom- 
panying them, gives direct evidence as to the character of the solutions. 
The quartz indicates, of course, that silica must have formed an impor- 
tant constituent of the solution. The abundant carbonates and sericite 
in the altered wall rock show that carbon dioxide or alkaline carbon- 
ates, probably also calcic carbonate as well as potassium, must have 
been contained in the water. A portion of cl ar, massive quartz with- 
out sulphurets, from the fourteenth level of the Merrifleld vein. Provi- 
dence mine, was examined by Mr. George Steiger for substances soluble 
in boiling water, with the result that small quantities of sulphates and 
chlorides were found, which in all probability were contained in the 
fluid inclusion of the quartz. Sulphates must evidently also have been 
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coiitaiued in the waters. Sodium would also be expected from the 
vigorous leaching of this metal indicated by the metasomatic processes. 

The analyses of the ascending waters found on the veins, noted in 
the chapter on the contents of the veins, are of interest as showing to 
some extent the character which, according to the above, would be 
expected of the vein-forming solutions. They are, to be sure, cold and 
weak mineral waters, lacking in the amount of carbon dioxide and hy- 
drogen sulphide which the vein-forming solutions must have possessed, 
and i)erhaps more the result of the leaching of the already formed 
vein, but the relative abundance of the cnrbonates and silica is sug- 
gestive, as is also the small amount of chlorides and sulphates. 

Waters which have exercised such a powerful metasomatic influence 
on the rocks in the vicinity of the veins and contained such large quan- 
tities of carbon dioxide as are required by the facts of the metasoma- 
tism, are not known to occur in nature except as ascending, usually 
thermal springs. That such was tbe character of the vein-forming 
solution is a conclusion toward which not only one but several lines of 
reasoning lead. 

That the waters were thermal is also indicated by the depth at which 
the dei>osition must have been proceeding. It is quite clear that the 
cropping of the veins — their apex — at the time of vein formation must 
have been far above the Neocene surface. The amount of their pre- 
Neocene erosion is difficult to estimate; from the geological history 
outlined above it is apparent that vast masses of effusive rocks covered 
the region previous to the granitic batholitic eruptions, and that the 
veins were formed immediately after these intrusions of abyssal rocks. 
From these data a guess may be made that about three or four thou- 
sand feet represents the thickness of rocks removed; the deposition 
must thus have taken place at considerable depth, with a rock tem- 
perature at least approaching 100^ F, Any ascending water at this 
depth must have had a still higher temperature. 

The altiTation of the country rock is confined to a relatively narrow 
zone on each side of the vein, and gradually diminishes in intensity 
with increasing distance from the vein. This would certainly tend to 
show that the vein-forming solutions did not penetrate whole rock 
masses, but that they were confined to the paths pres(;ribed for them 
by the fissures. 

In Grass Valley there is a series of fissures of slightly later age cut- 
ting the quartz veins. These fissures, called " crossings,'' are to a great 
extent open highways for the atmospheric waters which have been cir- 
culating on them for untold ages and still have not been able to fill 
them with quartz or ore. The existence of this open-fissure system is 
one of the strongest possible proofs against the theory of lateral secre- 
tion in its narrower sense, implying a leaching from the country rock 
by atmospheric waters and deposition of ore by these waters in the 
fissures. 
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ORIGIN OF THE METALS AND GANGUE. 

AdmittiDg that the vein-forming waters were ascending thermal 
waters, the next question is, whence they derived their load of dis- 
solved substances. The above discussion shows that the leaching by 
surface waters of the country rock is wholly inadequate to explain 
the vein phenomena. But it might be supposed that the contents 
of the veins — especially the gold and metallic minerals — have been 
extracted from the immediately surrounding rocks by the intense 
chemical action which is admitteil to have taken place. Tliis expla- 
nation is, in the first ]>lace, wholly inadequate quantitatively, for it is 
inconceivable that the relatively narrow zone in which the microscope 
shows that alteration has taken place should have furnished the large 
quantity of gold occurring on the veins. In the second place, the 
occurrence of practically identical vein fillings in a dozen rocks of the 
most widely differing character and age constitutes the strongest argu- 
ment that can be adduced against the immediate derivation of the gold 
from these rocks. Other facts, such as the change in character of the 
filling in one and the same rock, point the same way. 

According to the analyses, barium is found in notable quantities in 
the granodiorite, and barite should, according to the theory of lateral 
secretion, be found on the veins. Yet no specimen of this mineral has 
been collected from any of the veins, and, indeed, in the altered country 
rock that has been exposed to the action of the solutions the small 
I)ercentage of barium is only slightly decreased. 

lu the basic augite rocks grains of copper pyrites are of rather com- 
mon occurrence, and copper has been found analytically in two of the 
examined diabases. According to the theory of lateral secretion, copper 
pyrites should be abundant on the veins, yet in many of the veins in 
diabase chalcopyrite forms an insignificant part of the sulphurets or 
is practically absent. Two substances have, however, unquestionably 
been abstracted from the altered country rock by the solutions, namely, 
silica and sodium; possibly also other metals, but the latter in quan- 
tities which are so small as to be of no significance for the vein filling. 

RARER METALS IN THE ROCKS. 

It is quite possible that one or several of the rocks of the district 
may contain gold and silver or other heavy metals, and it is to be 
regretted that circumstances prevented the contemplated extensive 
series of tests. The occurrence of copper in two diabasic rocks from 
Grass Valley has already been referred to. Mr. George Steiger care- 
fully examined, without any results, the granodiorite from ShurtlefiPs 
barn, one-half of a mile ESE. of the post-office, Nevada City (also 
analyzed, see Chapter X), for rarer metals, using a solution of 10 grams 
in aqua regia. A coarse-grained diabasic rock with fresh augite from 
the area south of Banner Hill was also examined in a similar way, with 
no results (59 N.C.). 
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A series of assays was carefully made by Mr. O. Whitehead, the 
assayer of the mint, with a view of finding minute traces of gold and 
silver. The grauodiorite from Shurtlefl''s barn, Nevada City, gave no 
results. The grauodiorite from Kate Hayes Hill, Grass Valley (49 G. V.), 
contained no gold, but 0.2 ounce of silver per ton. From appearances 
this was thought to be a very fresh rock, but the analysis shows a little 
pyrite, and the microscope shows a decided beginning of sericitic and 
chloritic alteration. Fresh diabase from south of Banner Hill (59 N. C) 
gave no result; nor did a uralitic diabase, containing a trace of copper 
and much pyrite, from Leeman's ranch. Diamond Kavine, west slope of 
Osborne Hill, Grass Valley. A somewhat chloritic diabase from the 
seventh level of the Idaho shaft, 20 feet from the vein, gave no results. 
A breccia of argillite and porphynte with abundant pyrrhotite, occur- 
ring on the lower road just east of the little gulch 1,700 feet south 
of Banner Hill, was next assayed. It has been indicated above that 
this pyrrhotite is not due to the vein-forming agencies, but is of 
eiirlier date and contemporaneous with the dynamo-metamorphism 
of the Jurassic or Cretaceous igneous rocks, which, again, took place 
before the granitic intrusions. Pieces rich in pyrrhotite were selected, 
and a trace of gold and 0.4 ounce of silver to the ton were obtained. 
The locality is, however, nearly in the continuation of the veins appear- 
ing just west of the summit of Banner Hill, and it would be difficult to 
assert positively that it did not contain small seams and fissures along 
which the vein-forming solution could have penetrated, so that, while 
suggestive, the result is not decisive. The mam difficulty in the way of 
these tests is to obtain satisfactory material, positively free from joints 
and seams, by which the auriferous solution could have been introduced.^ 
A local segregation of pyrite, epidote, magnetite, and chabazite from 
the Star tunnel in diabase above the Omaha mine, which certainly also 
belongs to the phenomena of general metamorphism and not to those of 
the gold-quartz veins, was assayed (24 G. V.) ; it contains no gold, but 
1.20 ounces of silver. It would be of interest to examine the quartzose 
sandstones of Grass Valley for gold, but here, again, the difficulty of 
obtaining satisfactory material is great. 

Though fragmentary and unsatisfactory, these results seem to indi- 
cate that traces of gold are not common in the rocks of the district. 
They further seem to indicate that wherever anything is found it is 
silver and not gold which predominates, while the reverse is true of the 
veins. It is believed that both silver and gold occur in very minute 
quantities in nearly all rocks of the districts, and that the pyrite and 
pyrrhotite developed in them by metamorphic processes, not hydrother- 
mal in character, contain this silver and gold as a concentration. But 
it is not believed that the bulk of the metals of the veins is derived 



I Pyritiferoos amphibolites from the Ophir district, PUoer County, gave similar resulta ; for instance, 
0.010 ounce Au and 0.240 ounce Ag: Fourteenth Ann. Rept. U. S. Geol. Survey, Part II, 1894, p. 263. 
It is believed that the pyrites in these rocks are due, not to vein formation, but to the general met«- 
morphism preceding it. 
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from the rocks immediately adjoining the vein. Their origin must still 
be left an open question; but the probabiKty is strong that they were 
di8solve<l from the more deep-seated parts of the granodiorite, which 
appears to form the foundation of the Sierra Nevada, and brought to 
the surface by the thermal waters, the whole process being the closing 
chapter, the last manifestation, of the abyssal granitic intrusions. 
In other parts of the world a probable connection has been established 
between acid rocks, such as granites, quartz-porphyries, and quartz- 
diorites, with the gold veins ; and metallic, unquestionably primary gold, 
has been found in such rocks. 

Further ([uestions not yet solved are, first, the remarkable depend- 
ence of the gold-quartz vein on the extent of the metamorphic series, 
shown in the paper on the *' Gold-ciuartz veins of California;" and 
second, why, if derived from deep-seated rocks, fluor and bor com- 
pounds should be so universally absent. 

These views do not imply a derivation from extreme depths or from 
the hyi>othetical " barysphere." The thermal waters rising on the veins 
were doubtless surface waters from the higher portions of the range, 
which penetrated to a considerable depth before reaching the surface 
again, but a few thousand meters would probably be the greatest 
depths attained by them. It should be borne in mind, however, how 
extremely unsatisfactory our knowledge of the circulation of deep- 
seated waters is. 

SOLUBILITY OF THE GANGUE MINERALS. 

According to Fuchs,' amorphous freshly prepared silica is soluble in 
water to the extent of 130 grams per ton. The natural siliceous waters 
show, however, a far greater solubility; the Iceland geysers contain 
up to 600 grams per ton; Steamboat Springs, Xevada, 306, and the 
Yellowstone Park geysers up to 580. The silica in the latter is not pre- 
cipitated by cooling, even to freezing point, when not exceeding 400 
grams per ton, and, according to F. A. Gooch,* it is probable that the 
compound is not contained as alkaline silicates, but as free hydrated 
sili(*a. Saturating the waters with HjS or CO^ did not produce 
precipitation. 

Calcic carbonate is slightly soluble in pure water at ordinary temper- 
ature (200 to .'360 grams per ton of water, Doelter). In water satuiated 
with carbon dioxide the neutral carbonate dissolves under formation 
of bicarbonate at the rate of 0.88 gram to the liter, or practically 880 
grams to the ton.^ With a small percentage of sodic or magnesic sul- 
phate the capacity for solution is nearly doubled.^ 



I Doelter, Cheiuische MinerHlogie, Leipsig, 1890, p. 189. 

■Formation of travertine, etc., W. H. Weed: Ninth Ann. Rept. U. S. Geol. Survey, 1889, p. QS5. 

*Rosooe and Scborlemnier, Vol. II, p. 208. 

*T. Sterry Hunt. Am. Jour. Sol., 2d sit., Vol. XLII, p. S8. 
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RELATION OF SOLUBILITY TO INCREASED PRESSURE AND 

TEMPERATURE. 

It is a widely accepted view tliat in general the decrease of pressure 
and temperature forms an important factor in the formation of mineral 
deposits by ascending hot springs. In view of this, it may be profit- 
able to inquire how, as far as we know, the solutions of different 
substances are influenced by the increase of pressure and temperature. 

It is proper to draw attention at the outset to the fact that the ques- 
tion is extremely complicated, for the presence of other substances, as 
a rule, alfects the solubility of any given salt; so that the rules obtained 
from simple solutions of certain compounds may not be applicable at 
all for solVitions of the same in mineral waters. 

Pressure certainly affects the solubility of many substances, but the 
result may be either an increase or a decrease. The investigation of 
Braun • shows that the rate of increase (positive or negative) is a func- 
tion of the pressure, temperature, heat of solution, and change of 
volume taking place in the solution. If contraction takes place, which 
is the less common case, there is in general a decrease of solubility. 

Regarding silica, there are apparently no data available; deposition 
taking place from highly saturated solutions may be due to loss either 
of heat or of pressure. 

In the case of carbonates, and especially calcite, pressure is said to 
increase the solubility in water saturated with CO2, but only up to a 
certain degree, the maximum amount that can be dissolved being 3,000 
grams per ton.^ Sodic chloride shows only a very slight increase in 
solubility by increasing pressure. Sodium sulphate, common in the 
mineral waters, shows a distinct decrease in solubility. 

The influence of temperature has been more extensively studied. It 
may be said that up to about lOiPC. there is in general an increase in 
solubility, but recent experiments seem to prove that for many sub- 
stances there is, in fact, after a certain point has been x)assed, a distinct 
decrease. 

No results are known in regard to silica. Calcic carbonate shows a 
slight increase in solubility in pure boiling water, one part being solu- 
ble in 10800 cold and 8875 parts of boiling water (Fresenius). 

On the other hand, Engel and Ville^ have shown that increase of tem- 
perature decreases the solubility of carbonates, especially magnesian 
carbonate. Sodium sulphate shows, according to Gay-Lassac and 
others/ an increase up to 3oo, then a sudden decrease and nearly con- 
stant solubility up to 100°. 

The other sulphates show similar relations, according to Etard.* 
Sodic, calcic, and ferrous sulphates, for instance, increase in solubility 
up to between 60^ and 120°, from which a gradual decrease begins. 



*0«twald, Allgemeine Chemie, p. 1046. 
* Roeooe and Sohorlemmer, Vol. 11, p. 208. 
"Compte Rendu., Vol. XCIII, p. 340. 

17 GEOL, PT 2 12 



^Ostwald, Allgemeine Chemie, i>. 1048. 
*OBtwald, Allgemeine Chemie, p. 1052. 
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potassic Balpbate aloue increasing steadily up to 200^. Sodic chloride 
increases very slowly in solubility up to lOOo. Applying the formulas 
of vapor-tension to the problem ot solubility, Le Chatelier ^ arrives at 
the result that, in general, the curve representing the solubility will 
rise up to a certain limit at lOO^ C. or 200o C, and then gradually 
sink again. 

Assuming a mineral water emerging at the surface with a tempera- 
ture near the boiling point and a gradually rising pressure and tem- 
perature down to a depth of several thousand feet, it becomes clear 
that we are not in the least justified in assuming a gradual and 
indefinitely extended increased solubility in depth, or, reversed, that 
conditions for deposition will gradually become more favorable as upper 
levels are reached. It is in fact more probable that for temperatures 
rising high above lOO^ C. and under increasing pressures there will 
be a decrease in the dissolving power of the waters, at least as far as 
the principal constituents of the water are concerned. In all proba- 
bility the quartz veins here described were deposited from solutions at 
great depth below the surface, under strong pressure and at tempera- 
tures ranging perhaps from 100^ G. up to 250° C. It is true, and the 
fa(!t agrees with results previously stated, that at the mouth of the 
crevice deposits of many substances are formed by suddenly diminishing 
temperature, but it does not at all follow that a diminution from 200^ 
0. to lOQo C. will produce a result similar to that of cooling from lOO^ 
to 0^. Besides, the precipitation at the surface is very largely caused 
by the oxidizing influence of the air, escape of carbon dioxide, evapora- 
tion, reduction by organic matter, and algous growth. 

SYNTHESIS OP GANGUE MINERALS. 

Quartz has been reproduced by Chroustchoff', Doelter, Seuarmont, 
and others from alkaline solutions of silica or by recrystallizing gelati- 
nous silica. According to Doelter,^ quartz can not be reproduced from 
aqueous solutions at a temperature below 250o C. The facts hardly 
appear to bear out this assertion. At Steamboat Springs there are 
vast masses of siliceous sinter which are distinct surface accumula- 
tions and scarcely can have been found at a temperature above 100^ 
C. — more probably below. Yet this sinter consists of a mixture of 
prevailing opal and chalcedonite, with smaller masses of finely granular 
quartz, often with crystallographic outlines. Small quartz crystals are 
found in the silicified wood of the auriferous gravels, where the tem- 
perature can hardly have been very high at any time. 

Opal or cryptocrystalline silica may be deposited at considerable 
depths, as its occurrence in several deep mines of Grass Valley iudi- 



> Oiitwald, Allg«ni«ine Cbemto., p. 1067. 
*Loo.oit.,p. 154. 
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cates. Doelter's experiment ou the solability of gold, recorded below, 
indicates the same fact. 

The different carbonate minerals may easily be reproduced at ordinary 
as well as at higher temperatures up to 500^ C. (Priedel). 

SOLUBILITY OF GOLD. 

Considering only the solvents common in mineral waters, it is found 
that gold is attacked by many of them. Egleston found a slight solu 
bility of gold in sodic and potassic chloride, as well as in many other 
salts of less imix)rtance for the present purpose.^ Doelter has lately 
found that gold is soluble in a 10 per cent solution of sodic carbonate 
heated forty-seven days in closed iron tubes at 200^ to 250^ C; also 
in a solution of 125 c. c. water containing carbonic acid as well as 8 
per cent sodic carbonate and 3 per cent sodic silicate. In this latter 
exx)erimeiit the gold was dissolved at the rate of 21.5 grams per metric 
ton of water. In the first experiment 1.22 per cent of the gold used was 
dissolved, which, under the assumption that a similar quantity of water 
was used (not expressly stated in the original), would give a solution of 
42.4 grams i)er metric ton of water. These figures correspond to a value 
of $13.39 and $26.28 per ton of water. 

An extremely interesting feature of the last experiment was that 
upon opening the tube a few minute crystals of gold were found, which 
in all probability were newly formed, and further, that small crystal 
aggregations of quartz had formed, as well as a large mass of hydrous 
silicic acid in globular concretions. In this as well as the following 
experiment on sulphides the heating was carried on only during the day, 
so that the interruption of the process may have had something to do 
with the deposition of the newly formed substances. 

Liversidge' also found that gold was dissolved by sodic silicate, but 
it is doubtful whether this reaction is of much importance, as it is not 
at all likely that the alkaline silicates can exist in the presence of car- 
bon dioxide. 

Previously to Professor Doelter's experiment Dr. G. F. Becker ^ had 
found that gold is relatively easily soluble in sodic sulphide (Na2S), a 
solution containing 843 parts of the latter dissolving 1 part of gold 
at ordinary temperature. Gold also, according to Becker, dissolves at 
ordinary temperature in sodic sulphydrate and in solutions of sodic 
carbonate partially saturated with sulphydric acid. 

SOLUBILITY OF SULPHIDE MINERALS. 

Doelter found that pyrite, galena, antimonite, sphalerite, chalcopyrite 
(in part), arsenopyrite, and boiimonite are to some extent soluble in 
pure water, when heated for almost four weeks in glass tubes to a 



• Trans. Am. Iu8t. Min. Eng., 1880, Vol. VIII, p. 455. 

«Proc. Royal Soc. New South Wales, Vol. XXVII, 1893, p. 303. 

*Mon. U. S. GeoL Sarrey, VoL XIII, 1888, p. 433. 
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temperature of 80^ C. About one-eighth or one-tenth of the remaining 
undissolved, finely powdered mineral was in addition usually found to 
be recrystallized. Pyrite was soluble at the rate of 1,000 grams per 
ton of solution, or 0.10 per cent. The solution of galena contained 270 
grams of PbS jier ton.^ 

According to the same authority, galena and pyrite are also to some 
extent attacked by water containing carbon dioxide. 

Becker* found that pyrite is solable in cold solutions of sodium 
sulphide. Ten cubic cm. of solution containing 1.0955 grams of sodium 
sulphide dissolved 0.0 gram of pyrite, the solution thus containing about 
60 grams of pyrite per ton, or 0.006 per cent. Pyrite is also soluble in 
hot sodic sulphydrate, but not in cold, and is relatively easily soluble 
in cold and hot solutions of sodium carbonate partly saturated with 
hydrogen sulphide. 

Similar results were obtained with the sulphides of mercury, copper, 
zinc, and, of course, arsenic and antimony. The sulphides of lead and 
silver could not be brought in solution, the former not even when 
heated to 100^ 0. in closed tube. 

Doelter's^ later experiments show that pyrite, galena, zincblende, 
arsenopyrite, chalcopyrite, and bournouite are all soluble in sodic sul- 
phide by treating the finely powdered minerals for twenty-four days of 
twelve hours at a temperature of 80° C. in glasA tubes. Quantity 
of mineral used, about 1 gram ; quantity of liquid, about 40 to 50 c. c. 
Of the pyrite, 10.6 per cent was dissolved, corresponding to an approxi- 
mate content of 0.2 per cent of pyrite in the solution. Oalena is even 
more soluble. In comparing these large amounts with Becker's results 
it would thus seem that time is a very important factor in the solution 
of these minerals. In regard to the solubility of tellurium compounds, 
which evidently have a close relationship with the gold, there are no 
data available. 

EFFECTS OF INCREASED PRESSURE AND TEMPERATURE 

In regard to the influence of heat and pressure upon the solubility 
of gold and sulphides, there are but few definite data available, and, in 
fact, the problem is much more difficult than that offered by the ordi- 
nary easily soluble salts. The experiments by Becker and Doelter 
indicate that heat, and perhaps also pressure, increases the solubility, 
but how far this increase extends is almost entirely unknown. It is 
not unreasonable to sup[)ose that, as with other salts, this increase is 
not indefinite, but reaches a maximum and then again declines. 



> Tschermaks mineral l£ittbeil« 1889, VoL II, p. 319. 
* Loo. cit., p. 432. 
*Loo. cit., p. 823. 
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SYNTHESIS OF THE SULPHIDES. 

In dlscassing the solability of the metallic miuerals, e8x>ecially the 
salphides, it has been tacitly assumed that they might have been 
formed simply by separating out from their solvents by changes aflfect- 
iug the latter. This is certainly not the only way in which they could 
have been formed in the veins, as is proved by the relative ease with 
which most of them can be formed synthetically in the wet way, chiefly 
by the action of sodic or hydric sulphides on different salts. Pyrite, 
galena, chalcopyrite, argentite, tetrahedite, bournonite, and arseno- 
pyrite have been obtained by Senarmont and Doelter in this manner. 
Pyrrhotite requires for its formation the presence of an atmosphere of 
carbon dioxide or of reducing organic substauces, entirely preventing 
the change from ferrous to ferric salts. 

This is interesting in view of its extensive presence in metamor- 
phosed argillites (Federal Loan), and in view of its entire absence from 
the veins (excepting a seam of abnormal composition in the Crown 
Point mine). Even the veins in argillite (Federal Loan) do not carry 
it; the pyrrhotite of the metamorphic argillite, close to the vein, is 
also, remarkably enough, converted into pyrite. 

Marcasite has not yet been artificially produced; nor has zincblende; 
wurtzite, the rhombic modification, however, Doelter succeeded in 
obtaining. 

The reaction by which the oxides of iron or other iron salts are con- 
verted to pyrite by the action of hydric sulphide or sodic ^Iphide is 
evidently of great importance. This reaction was shown by Dr. G. F. 
Becker to have taken place to great extent in the altered country rocks 
of the Comstock lode,, the pyrite being principally, apparently, derived 
from the ferrous silicates; it was experimentally verified by Doelter^ 
in case of oxides and carbonate of iron. It is clear that the ferro-mag- 
nesian silicates and the magnetite in t]\e ^all rocks have furnished the 
greater part if not all of the iron for the pyrite in the altered rocks, 
while it is equally certain that comparatively little iron has been car- 
ried from the country rock in the vein. 

PRECIPITATION OF THE GOLD. 

There are many experiments recorded as to reactions by which gold 
could have been precipitated from its solutions.' Ferrous sulphate is 
one agent. This is, however, too complete and sudden a reaction to be 
supposed to have a general importance in the formation of the gold 
veins. Precipitation by organic matter in the wall rocks is auother, and 
the black ilates along the Mother lode have been extensively quoted as 
a suitable cause for the deposition of gold. There is reason to believe 
that the importance of this reaction has been greatly overestimated, if 

1 Ch«miche Mineralogie, p. 148. 

* A. Liveraidge, Proc. Royal Soc. New Soutb Wales, VoL XX VH, 1883, p. Ma. 
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indeed it is of any importance at all. The carbonaceous argillite of the 
Nevada City and Banner Hill districts offers an excellent criterion, and it 
does not appear to have the least influence on the tenor of the quartz in 
that rock, while other veins wholly in massive rocks and far away from 
any carbonaceous matter may be much richer than those in the slate. 
Certain experiments by Wilkinson (1866), Cosmo Newbery, Skey, and 
Liversidge^ show that pyrite and also nearly all other sulphide minerals, 
including galena and arsenopyrite, will precipitate gold completely 
from solutions of auric chloride of varying concentration. This reac- 
tion is probably of considerable importance, as it explains the strong 
percentage of gold usually contained in the sulphurets in a state of 
minute dissemination. 

Many other proi)08ed reactions might be cited, but they appear of 
questionable value in speculating on the particular combination in 
which the gold is contained in the water. According to the views of 
modern chemistry, watery solutions of salts, even when only moderately 
diluted, contain the solids in a state of dissociation. Salts of gold 
could probably not exist as such in the mineral waters. 

MODE OF DEPOSITION. 

In discussing the mode and cause of deposition, it must be acknowl- 
edged that we have to deal "with data only imperfectly known, and that 
the conclusions drawn from them are not yet more than a theory. 
Bearing in mind all the facts adduced, it seems certain, however, that 
the deposition has been effected by thermal water containing carbonates, 
silica, and snlphureted hydrogen or sodium sulphide, and containing 
also measurable quantities of gold and metallic sulphides. It would 
carry us too far to discuss the origin of this water and the source of its 
constituents. On the whole, the views of Daubrde and Posepny seem 
the most reasonable explanation. In the words of the latter, ''The 
ground water descends by capillarity through the rock interstices over 
large areas, to mount again through open channels at a few points."^ 

During their long descent to heated regions the waters had ample 
opportunity to dissolve the substances contained in the rocks, and in 
this case probably obtained their gold and other heavy metals from the 
granodiorite at great depth. 

It must be confessed, however, that the large quantity of carbon 
dioxide and snlphureted hydrogen carried by many thermal waters is 
extremely difficult of explanation. During its downward course the 
waters can not have taken up CO2 ; on the contrary, descending surface 
waters in a short time are deprived of their COjby the forming of car- 
bonates. It is not probable that extensive bodies of limestone occur in 
depth in this vicinity. 

It has been shown that pre- Neocene erosion had removed a great 

' A. Llvorsidge, Proc. Royal Soc. New South Wales, Vol. XXVII, 1893, p. 303. 
'Genesis of ore deposits: Trans. Am. Inst. Min. Eng., Vol. XXIII, 1893, p. 221. 
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deal, probably a couple of thousand feet at least, of the upper parts of 
the gold veins, and that the levels at which mining is now carried on 
were probably from 2,000 feet to 6,000 feet below the original apex. 
Within this interval there is certainly no change in the quality of the 
ore (excepting decomposition above water level), nor can it be said that 
a change in quantity has been definitely proved. Within the limits of 
explorations by deep mining no definite progressive change in the 
character of the ore or of the altered country rock has been found, 
such as would undoubtedly exist if the cause of deposition were 
decreasing pressure and temperature. From this, as well as from the 
results of the investigations of solubility of the different substances, 
it may reasonably.be concluded that an undue importance has been, 
attached to the rather seductive phrase "deposition by decreasing 
pressure and temx>erature," though it is not to be denied that the 
deposition may be in part a function of these variables. 

The metasomatic action on the wall rocks is undoubtedly of great 
importance for the deposition. The facts stated several times before 
show that there is but very little free gold in the altered wall rock and 
very little gold in its aulphurets, while the main amount of the gold 
and the auriferous sulphides are contained in the quartz filling the 
fissure. 

It may be possible to consider the walls as forming a septum perme- 
able only for a part of the solution, according to the osmatic laws,^ 
especially for the substances which act chemically upon the minerals 
of the rocks. The latter in general are shown to be permeable for the 
carbon dioxide and alkaline carbonates ; also for carbonate of calcium ; 
further, for hydrogen sulphide or sodic sulphide, and for arsenic sul- 
phide. On the other hand, they are less permeable for silica and gold, 
and almost entirely impermeable for the other metallic sulphides. This 
suggests the possibility that the hydrated silica is contained in the 
water in colloidal solution. Sulphide of gold in colloidal solution, 
impermeable for the ordinary parchment membranes used in the dialy- 
zer, has been prepared by Dr. E. A. Schneider.^ It might possibly 
have existed in the waters, though the probability is that it would be 
decomposed by some of the (constituents of the mineral waters. It is 
also known that the sulphides of the heavy metals in general can form 
colloidal solutions.^ However, the properties of colloidal solutions are 
only imperfectly known, and it is doubtful whether crystallization could 
take place in such solutions. 

By metasomatic processes the wall rocks absorb carbon dioxide, 
potassium, sulphur and lime from the vein solutions. On the other 
hand, there has been a steady acquisition of sodium (probably as car- 
bonate) and of silica, abstracted from the wall rocks. The result of 



'Dr. G. F. Becker first introdaced this conception applied to the mineral deposits, and it promises 
to be of great importance for the discussion of their genesis. See " Qaicksilver ore deposits," in Min> 
era! Eesoarces T7. S. 1892, p. 21. 

•Bull. XT. S. Geol. Survey No. 90. 1892. p. 56. 

'Bull. Soc. chiraiqne, vol. 48. 18K7. p. 165. 
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the whole process would probably be a concentration of the vein solutions 
and progressive accumulation of silica. As far as the chief constitu- 
ents are concerned, the vein solutions were very likely highly concen- 
trated. The deposition of silica was probably partly caused by an 
unbalancing of the delicately adjusted conditions in a concentrated 
solution of different compounds by the new material from the wall 
rock, and partly by varying conditions of temperature and pressure. 

The metallic sulphides and the gold carried by the silica were prob- 
ably to a great extent precipitated mechanically by the crystallizing 
quartz. The intimate connection of the gold with the sulphides was 
very likely caused by the experimentally proved tendency of gold solu- 
tions to be precipitated by particles of sulphides. 

The causes to which the occurrence, form, and direction of the 
ore shoots are due are very obscure, and to extend the discussion to 
them would be to go farther in the realms of hypothesis than is here 
desirable. 



CHAPTER XIV. 



DETAILED DESCRIPTIONS. 

BANNER HII.L DISTRICT. 
TRmS OF THE DEES riBBEK: BASIN ASD WILLOW VALLEY. 

General featur ex. — These veins have in genera] an east-west strike 
ami flat medium northerly of southerly dip. The ores are fi'equently 
of high ^ade and the fissures narrow. The gold is associated with 
much silver, and there is a considerable amount of sulphurets. A few 
veins having a iiortli-soutb strike and flat westerly dip iutersect the 
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prev^ing system. The east-west veins are in closest genetical con- 
uectioD with a system of joints or a sheeting of the country rock; this 
sheeting begins to show very strongly a little beyond the Deadwood 
mine, and may be seen to beat advantage all along the rocky canyon of 
Deer Creek. Fig, 10 illnstrates this structure; granodiorite ia divided 
in benches or sheets firom 1 to 4 feet thick and dipping north at slight 
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angles. Opposite the Bellefountain miue the strike is N. 78^ E. and 
the dip 30^ K.; at the Lecompton mine the strike is east- west and the 
dip 30^ K. On the Federal Loan road opposite the big bend, 500 feet 
west of the contact, N. GS^^ E. and 35^ N. was noted; here the sheet- 
ing seems most intense. In a width of 1 foot six or more minute seams 
were seen, dipping as stated, and each marked by a slight bleaching of 
the granodiorite and by a fine string of iron pyrite. The normal grano- 
diorite does not contain any pyrite. This sheeting continues unbroken 
across the contact, but the direction swings a little more to the north- 
east and the dip becomes decidedly steeper, up to 68o. Besides the 
joints dipping north, another set now begins to appear, about parallel 
to the first in strike, but dipp'ng south. In a fresh exposure of black, 
hard metamorphic rock on the ditch 2,000 feet east- southeast of the 
Federal Loan, the following directions were noted, the sheets being 
about 6 inches thick: (1) Strike N. 68o E., dip 70o N., and (2) strike 
N. 68^ E., dip 60O 8. The displacement which has taken place 
along these joint planes is probably in moat cases very slight. Ascend- 
ing waters have formed the most prominent veins along those fissures 
in this joint system which offered the easiest channel for their passage. 
There is always a strong possibility of finding veins parallel to and a 
short distance away from those exploited, and cross-cutting should 
consequently not be neglected in working the deposits in this vicinity. 
The Federal Loan vein. — This is an old location, worked many years 
ago, but not opened on a larger scale until 1890; it has at present a 
10-stamp mill, and the total output is stated to be $175,000.^ The 
mine is developed by an incline shaft, following the vein down for a 
distance of 800 feet, and by drifts extending from 100 to 400 feet on 
each side. The mine is only a few hundred feet east of the granodiorite 
contact, and the country rock is that black or dark-brown, finegrained, 
massive, siliceous argillite described in Chapter Y. It is somewhat 
influenced by con tact- metamorphic action, which has given it a slightly 
coarser texture and browner color, the latter caused by the develop- 
ment of biotite or brown mica. Dikes of coarse, dark diorite are met 
in the drifts of the mine. Pyrrhotite is distributed throughout the 
country rock in minute grains. The vein, which crops only near the 
shaft, strikes somewhat north of east and dips south at an angle of 
460. It is very irregular in width, sometimes showing several feet of 
massive quartz, then again closing down to a seam, or also frequently 
breaking up in a mass of stringers, which may be mined and milled as 
a whole on account of the gold contained in them. The wall rock itself 
contains but little gold.'^ The rock in the immediate vicinity of the vein 
is irregularly altered to a pale grayish material, often cut by small 
calcite veins, and containing much finely disseminated pyrite and arson- 
opyrite. This rock is examined more in detail in Chapter XI. The 
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bangriDfr wall of the veiD is not well defined, bnt the foot wall contiiiQes 
nnbrokeu and distinct. Kunieroos seams dipping north at varioos 
angles, but carrying no quartz, are noted, as illustrated on fig. 11. The 
mineral spring on the fourth level is described in Chapter IX. The 
filling of the vein consists of the nsnal milky-wbite quartz, occasionally 
containing grains of calcite. Fragments of the country rock, sharp and 
augnlar, though converted into carbonates and sericit*, are very fire- 
quent in the quartz, and around these fragments the sulphiirets often 
cluster, as illustrated in PI. VII, fig. b. The ore contains the large 
amount of 6 per cent of sulphiirets, which have a very high percentage 
of nrsenopyrite and are of medium grade, containing somewhat more 
gold than silver by weight. (For analysis of concentrates, see p. 127.) 

Arsenopyrite and pyrite prevail, while galena, zincblende, and 
copper pyrites 
are very subordi- 
nate. 

Tbe ore shoots 
are somewhat ir- 
regular, bnt the 
best pay is found 
in a chimney in 
thevicinityoftlie 
shaft, dipping 
about 70° E. on oiomr^ ' 
the plane of the 
vein. The value 
of the ore is 
stated to be $15 
per ton.' The 
gold is (i75 fine. 

The Conntiiutwn and Levant claims. — The veins in the vicinity of 
the Federal Loan are not, as a rule, traceable on the surface for a long 
distance. North of it lie the claims jnst mentioned, located on veins 
belonging to the fissure system, dipping north. Some good ore is 
reported to have been found on the Constitution in former years, but 
the developments are slight. There appears to be in this claim a 
number of small parallel fissures. The country rock, which is a dense, 
siliceims argillite, is impregnated with iron pyrites along the veins. In 
the mint report of 18H0 the vein is stated to be 1 foot thick, heavily 
sulphureted, and similar to the Lecom|)ton. 

The Lecompton vein. — The Lecomptoii is situated on the south side of 
Deer Creek, almost adjoining the Federal Loan. It was located in 
1857, and up to 1863 the gross yield of the mine was $220,000. From 
1863 to 1866 it was also a considerable producer; in 1867, however, the 
incline situated near the bed of Deer Greek was fiooded by a freshet, 
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the improvements destroyed, and no work has been done since then. 
It is credited in the mint report* of 1889 and 1890 with a production of 
respectively $5,350 and $900, which amounts probably came from 
remaining pillars of ore in the upper workings. The outcrop of the 
vein, owing to the flat dip, forms a curve high up on the slope; the ore 
in this part of the vein was decomposed and very rich, and has been 
extracted by means of numerous tunnels. Below the creek level the 
vein was opened by an incline near the east end of the claim, 275 feet 
long. There is also an incline 300 feet long near the western end. 
The vein is contained in granodiorite, strikes east-west, and dips 38^ 
to 40^ ]S". at the east incline. It is only from 4 to 8 inches wide; speci- 
mens show excellent comb structure. The gold near the surface had 
a fineness of only 650, while in the deeper workings it attained 750. 
The ore is stated to have contained arsenic and antimony, and was 
very rich, the upper parts of the vein averaging $40 per ton, and 
smaller lots running up to $400. According to the mint report of 1889, 
the bullion contained 416 per mille gold and 584 per mille silver. 

Between the Lecompton and the Federal Loan lies the Lebel, a 
vein in granodiorite striking E, 23° S., dipping north, and opened by 
several short tunnels from the level of Deer Creek up on the side hill. 
The vein is up to 16 inches thick, of fair grade, and contains very 
abundant arsenopyrite. 

On the north side of the creek, opposite the Lecompton, there are a 
great number of old slopes and tunnels run on narrow veins between 
the sheets of granodiorite. 

The Bellefouniain vein (formerly the Ebaugh). — This well-defined vein 
lies on the north side of Deer Greek, near the Lecompton. Located in 
1857, it has been worked at intervals since then. It is opened only by 
tunnels run in from the steep slope of Deer Creek Canyon. The out- 
crop runs up the hill to an elevation of 270 feet above Deer Greek, and 
then crosses over into the Gyane claim; its direction is east-southeast, 
while its actual strike on a horizontal plane is east- northeast. The dip 
is 28^ to 30^ N. The vein averages 12 inches in width, and there are 
several small but rich ore shoots; no ore containing less than $24 is 
said to have been crushed.^ This, as well as all adjoining veins, is in 
granodiorite. Close to the vein the fresh rock changes to a yellowish 
gray, soft mass of still clearly discernible granitic structure, consisting 
of sericite, some carbonate, residuary quartz, and abundant sharp 
cubical crystals of pyrite. (For description and analysis, see p. 149.) 

Never Sweat and Omega veins. — ^These are veins parallel to the Belle- 
fountain and located a few hundred feet farther north. The Never 
Sweat is opened by an incline 300 feet deep, has been worked only on a 
small scale, and is shut down at present. The information about it is 
obtained from Mr. J. Lyons. The country rock is a granodiorite with 
considerable hornblende, and decomposes to a reddish soil of great 
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depth, oil account of which the outcrop can not be readily traced on the 
surface. The vein is narrow, from 3 to 16 inches, and yields some very 
high grade ore, the value sometimes reaching $300. Generally similar 
to the Lecompton, the bullion contains some antimony and much silver, 
being only 750 fine. The strike is N. 73° E., and the dip at first 45° N. 
At a depth of 200 feet a cross vein is struck, belonging to the Federal 
Loan system of fractures, and, atjcording to Mr. Lyons, the vein leaves 
the original fissure and continues on the one dipping south (fig. 12). 
This is of great interest as 

proving that the two vein ^' ^ 

systems are contempo- 
raneous. 

NearWillow Valley there 
are a considerable number 
of veins, none of which, 
however, have been 
worked very extensively. 

The Montana vein, — 
This has been worked in- 
termittently and has pro- 
duced some good ore. It 
is developed by an incline 
shaft 400 feet long; strike 
northeast, dip 22° NW. 
The vein is from 6 to 8 
inches wide, and can be 
traced for a considerable distance across the contact line. The ore, 
which is heavily sulphureted, forms two pay shoots piUthing to the 
southwest on the plane of the vein, one on each side of the shaft and 
from 100 to 200 feet wide. In the claim are three more parallel ledges 
of less importance. 

The Willow Valley vein (Tolbert). — Located in 1865, but little work 
has been done on this vein since 1867 ; 800 tons were taken out in 1866, 
yielding an average of $22 per ton.^ It is developed by a 200-foot 
incline; the vein strikes northeast and dips 45^ to the northwest; its 
width is from 1 to 4 feet. The country rock is granodiorite, the eastern 
end of the claim crossing the contact. 

. At the forks of the Washington and Scotts Flat roads is a small 
vein, striking K". 72° W. and dipping 70^ N., on which a little work has 
been done. 

The FranMin-Ruaaey vein. — Not much work has been done on this 
vein since 1884, when some very rich ore, going as high as $150 per ton, 
was produced. It is developed by an incline and drifts 230 feet long 
and extending 90 feet on each side. The strike is northeasterly and 
the dip 46° NW. The vein is in places from 1 to 2 feet wide. 




Fig. 12. — Vertical section along shaft, Never Sweat vein. 
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The Buckeye vein, — This vein, which is opened by a 400- foot tunnel 
from Willow Valley Creek, has a northerly direction and an easterly dip 
of 45^, both unusual for this locality; it is inclosed in hornfels and is 
only a few hundred feet from the contact; the width is from 1 to 2 feet, 
and some good ore is reported from it. It can be traced from the creek 
northward until it disappears under the andesitic breccia. 

The Deadwood vein. — This vein, which is located near the mouth of 
Willow Valley Creek on the north side of Deer Creek, has been a con- 
siderable producer at various times since 1856, but in the last ten years 
nothing has been done on it. A 10-stamp null formerly existed on the 
property, and the total production is given by Mr. J. Lyons as about 
$300,000. The vein is opened by an incline shaft 500 feet long, a drain 
tunnel from Deer Creek, and several drifts extending principally south- 
ward of the shaft for 300 to 400 feet. The vein, which is in granodio- 
rite, crops on the surface, where it is very flat, in a northeasterly direc- 
tion. Its true direction, as shown by the incline and drifts, is N. 18° 
E., the dip being 25^ W, The width is narrow, ranging from a mere 
seam to 18 inches. The ore is highly charged with sulphurets, carry- 
ing pyrites, galena, zincblende, and arsenopyrite, also containing some 
antimony. The tenor is high, sometimes reaching $100 to $200 per ton. 
Most of the ore has been extracted from the south side of the incline, 
while the northern side has been prospected but little. The bullion is 
815 fine, which is more, it will be observed, than is usual in this part of 
the district. The croppings to the east of the incline, which over a 
large area lay extremely flat near the surface of the thoroughly decom- 
posed granodiorite, have been extensively sluiced and even washed by 
the hydraulic process. According to Mr. Lyons, the vein is distinctly 
faulted on the tunnel level to an aggregate amount of 30 feet by four 
cross seams striking a trifle north of east and dipping 45^ N, The 
vein was found to be thrown westward going north on the drift, which 
would indicate a reversed fault with relative upward movement of the 
hanging wall. The seams are comprised within 100 feet; in the lower 
workings the same seams were found a little closer together; without 
doubt they form the continuation of the Texas vein complex. The 
workings of the mine are not now accessible. 

The Texas vein system, — About 1^ miles east of Nevada City, on the 
Willow Valley road, there is a strong system of at least four well- 
defined veins, named respectively the Creek, Wheal, New York, and 
Delaware (Red, White, and Blue). All strike about east- west and dip 
north at angles varying between 38^ and 50^, The developments are 
slight, consisting chiefly of short tunnels from Mosquito and Deer 
creeks. The New York is opened by a 100-foot-deep incline (Texas 
mine). Some of the veins, especially the New York, are very heavy, 
3 and 4 feet of solid quartz being met with; on the road a little east of 
the Texas mine the croppings are unusually strong; in the best pay 
shoots the ore from these veins runs from $8 to $40 and contains 4 per 
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cent or more of sulphnrets. The Delaware continues far eastward 
over on the M archie ground. These veins seem to form the starting 
point for the Willow Yalley system, the originally strong fissures being 
replaced eastward by an extensive system of sheeting. 

The Murchie veins. — This complex consists of two east-and-west veins, 
the Big Blue and the Alice Belle, as well as two north-and-south 
veins, the Lone Star and the Independence. The property has been 
worked at various times since 1861, the principal producer being the 
Big Blue; from 1878 to 1884 the mine was one of the largest producers 
in the district and had an 18-stamp mill; detailed statements of its pro- 
duction are found in the mint reports. From 1884 to 1894 it was shut 
down but has lately started again, probably with the expectation of 
using electric power. From 1878 to 1884, 38,000 tons were crushed, 
containing $587,000, or an average of $15 per ton, with 4 per cent of 
sulphurets, at an average cost of $1.60 for milling and $6 for mining 
per ton. The sulphurets are very rich, containing from $100 to $300 
per ton (Mint Eeport, 1883). The Big Blue is almost perpendicular, 
dipping 850 N., which is unusual in these districts. The vein is often 
very wide, even up to 4 and 5 feet, and consists of white massive quartz, 
which besides free gold contains iron pyrites sprinkled through it; 
tellurides are also reported from the vein (p. 117). The principal ore 
shoots on the vein dip west and appear to follow the lines of intersec- 
tion with the flat veins. A decomposed porphyritic rock found ou 
the dump of the Independence is said to come from a dike following 
the Big Blue for some distance. It is described in Chapter III, p. 47, 
and appears to be a lamprophyric dike rock. 

The Independence is also a heavy vein, sometimes 2 or 3 feet thick. 
According to Mr. Murchie it was at the line of intersection cut off by 
the Big Blue, the latter passing through it without faulting to any 
extent. The Lone Star vein can be traced up to the old placer dig- 
gings, where it intersects the Alice Belle. Some good ore is reported 
from the latter. 

MINES OF THE LITTLE DEER GREEK BASIN. 

General features. — Aside from a few veins in the lower part of the 
basin, there are two centers in this part of the district where the major- 
ity of the veins are clustered, namely, Canada Hill and Banner HilL 
At the former place a large number of smaller veins are contained 
within the angle of the two strong fissures of the St. Louis and the 
Orleans (Glencoe) veins. These smaller veins belong to several sys- 
tems, one striking north and south and dipping west, another with the 
same strike but dipping east; there are also flat veins dipping south, 
and other east- west veins with a steep dip. This great complex lies, as 
the map shows, near the granodiorite-slate contact, but the veins show 
no relation to the latter, frequently crossing it without being disturbed. 
Further, though individual veins show the greatest divergence as to 
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their contents and value, no influence on their character can be attrib- 
uted to the different formations. In general, the mines in this vicinity 
are characterized by comparatively low-grade bullion, about 750 fine, 
much sulphurets, and especially much iirsenopyrite and zincblende. A 
strong system of sheeting is developed parallel to the first-mentioned 
system of veins; the flat, thin benches of griinodiorite dipping west are 
particularly well exposed along the Bnnner Hill road near Little Deer 
Creek; the sheets, from 6 inches to 2 feet thick, though as a rule par- 
allel, sometimes show slight divergences in strike and dip. Small 
quartz seams are sometimes seen on the joints. The Banner Hill group 
of veins are in the main parallel fissures with an easterly dip of about 
450 ; they are partly in the sedimentary area, partly in the granodiorite, 
without very marked differences in vein filling and value; as a rule 
they contain much silver, and also a considerable amount of sulphurets. 
A sheeting of the country rock is frequently noticeable, the sheets dip- 
ping either east or west. 

The Caledon'm vein, — This vein is traceable on the surface for several 
hundred feet on the slope north of Little Deer Creek. The strike is a 
trifle north of east, the dip nearly vertical. It is opened by several old 
shafts and a tunnel from Little Deer Creek, 1,200 feet long, but no work 
has been done in recent years. The vein is said to be very wide and 
to contain low-grade ore. All above the tunnel level is stoped out; the 
ore consists of massive quartz with abundant pyrite. A considerable 
quantity of water, tasting strongly of iron and depositing a brown 
ocher, issues from the tunnel. 

The Kingsbury veins, — South of the Caledonia, on the north side of 
Little Deer Creek, are two or three strong parallel veins, situated on 
the Kingsbury location. They have been opened only by short tunnels 
and prospect shafts; the dip is about 80° N., and the width of the 
solid quartz is from 1 to 3 feet. The Alice Belle is possibly an eastern 
extension of these veins. 

The Lincoln vein, just south of Little Deer Creek, is a parallel vein 
in which a little work has been done, and which in the mint report is 
credited with a small production for the years 1889 to 1891. 

Th^ St. Louis vein. — The remarkably strong and straight fissure of 
the St. Louis vein can be traced for about 7,000 feet from the western 
limit of the Banner Hill sheet, on McCormick's ground, up to a place 
where it disappears under the andesitic breccia. Its direction is east- 
northeast and the dip 70^ to 80^ to the north. The ore throughout is 
very low grade, and the developments on it are slight, mainly confined 
to a few tunnels. At the eastern end it« decomposed croppings have 
been extensively sluiced ; on a claim called the Santa Eosa a crosscut 
is now being driven to intersect the vein. The Alpine tunnel was 
driven on this vein a distance of 400 feet in 1893, starting from the east 
bank of Little Deer Creek. On the opposite or Canada Hill side, there 
is also a tunnel on it several hundred feet long and serving as drain 
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tunnel for the Oliaronnat mine. The width of the vein is given as up 
to 12 feet, but this doubtless includes the altered country rock. In 
the Alpiue tunnel good exposures were noted. For the first 150 feet the 
granodiorite is much decomposed; farther in the quartz vein is from 1 
to 4 feet thick and charged with a small quantity of pyrite and zinc- 
blende; both walls are well defined and consist of somewhat decom- 
posed granodiorite. A dike of extremely decomposed diorite-porphy- 
rite (a lamprophyric dike rock ; for description, see p. 47) 2 to 3 feet wide 
appears in the hanging wall, 300 feet in, and forms the sharply defined 
wall of the 2- foot vein of solid quartz. Near the breast a seam was 
observed, dipping west and parallel to the sheeting previously noted; it 
cut across the quartz vein and showed a horizontal striation. Toward 
the west the vein splits up into three or four parts, and is well exposed 
on E. Sharpe's and McCormick's ground, where the shallow covering of 
rich alluvium has been sluiced oft'. 

The Glencoe- Grade {Orleans) vein, — This vein, one of the longest in 
the district, being traceable for nearly 3 miles, has been known since 
the earliest times of mining in this vicinity, but can show no product . 
commensurate with its size, although it has been worked at several 
places. The strike is remarkably constant, being a little north of west. 
Tlie dip is equally so, being 70° to 80^ S. The vein throughout is in 
slate, which near the granite contact becomes more crystalline and 
schistose, and it cuts distinctly the dip of the schistosity. It first 
appears on the Mayflower ground, where it is called the Alaska and is 
opened by small prospect shafts, showing some good quartz heavily 
charged with sulphurets. Continuing westward, it is known as the 
Glencoe on R. Sharpe's ground. Here it is developed by a 98-foot-deej> 
shaft and a 500-foot drain tunnel, above which the ore is stoped out. 
At this pay shoot the vein is stated to be'4 feet thick, contains abundant 
sulphurets, and is of medium grade. Steps were taken to reopen this 
mine in 1894. The next claim westward is the Gracie; a 54-foot shaft 
on this property shows 1 to 2 feet of quartz in a fissured zone 6 to 7 feet 
wide. 

The westerly claims on this vein are described on p. 193. Between 
the St. Louis and the Glencoe a perfect network of small veins exists, 
the more important of which are indicated on the map. South of the 
Glencoe are the Hickson veins, opened by small shafts and a short 
tunnel, and said to have yielded some rich ore. Mr. Sharpe states that 
there are three veins within 50 feet, the outer two dipping toward the 
one in the middle, which is perpendicular. The Enterprise contains 
low-grade ore, and has not been worked since 1859. 

To the north of the Glencoe there is, among others, a series of very 
flat veins with a southerly dip of from 0° to 20°, It is possible that 
the different croppings may represent one and the same vein, continu- 
ous from McCormick's ground to the Mayflower at Canada Ilill. On 
the east the flat vein was found by Mr. McGormick in sluicing and 
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hydraiilickiug the shallow placers and decomposed rock on the slope 
ou both sides of the Gracie vein. It is here in slate, narrow, but rich, 
and sometimes so flat as to be almost horizontal. In one place it even 
made a roll, so that part of it actually dipped north. It is stated to 
have joined the Gracie vein without cutting the latter. Another flat 
ledge is found in granodiorite on Sharpe's ground near the contact 
and to the east of the Banner Hill road, and, finally, similar veins are 
strongly developed on the Mayflower ground. 

THE MAYFLOWER COMPLEX. 

At least eight well-defined veins are found on the Mayflower property 
south of Canada Hill. The more important veins were located over 
twenty-five years ago, but until ten years ago had not been worked 
except superficially. A 4stamp mill crushed rock firom the Beck- 
man vein in 1893, but in 1895 a new 20-stamp mill was erected. The 
developments in 1893 consisted of an inclise and several tunnels on 
the Beckman and the Mayflower veins. The Beckman has been worked 
. for 1,500 feet along the croppings and 3(i0 feet along the dip, but the 
greatest perpendicular dei)th attained is only 75 feet. On the Grant a 
300-foot incline has been sunk. The country rock throughout is a black, 
very imperfectly schistose argillite, grading into hornfels near the con- 
tact. Only the Grant vein cuts across the contact into the granodiorite. 
Strong jointing is shown at the Beckman incline, one system dipping 
60^ west, while the other dips 30o to the east. 

The three perpendicular east-west veins, the Butterfly, North Star, 
and Big Blue, while strong and well defined, carry low-grade ore and 
have been but little exploited, and the same is true of the Floyd vein. 
The Grant vein is more productive and contains near the contact, as 
well as northward in the adjoining Canada Hill ground, some good 
pay shoots; 555 tons, averaging $19, were extracted from the Grant by 
the owners of the Canada Hill or Charonnat vein between 1879 and 
1887. The vein is narrow and contains very much arsenopyrite, 
besides pyrite, zincblende, galena, and some coarse free gold. 

The Beckman, with which the ^f ay flower vein found higher up on 
the hill may be identical, is the most important vein in the complex. 
It dips very gently south, being at times flat, or even rolling over with 
a northerly dip. The vein is seldom over 12 inches wide and the walls 
are very ill defined and irregular, the argillite being bleached and filled 
with calcite, pyrite, and arsenopyrite next to the vein. The ore con- 
sists of the usaal massive quartz with an often considerable amount of 
zincblende, galena, arsenopyrite, and pyrite. The ore is often high 
graile, and the free gold unusually coarse, being frequently visible in 
small particles embedded in quartz, galena, or zincblende. The gold is 
worth $15 per ounce, or 750 fine. 

Faults in the Mayflower complex. — The Butterfly, North Star, and Big 
Blue — that is, the perpendicular east-west veins — distinctly fault the 
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Floyd aud the Mayflower. None of the iutersections being visible at 
the time of my Tisit, I rely upon the statements of Mr. W. H. Martin, 
for many years owner and superintendent of the property. The rela- 
tion of the east-west veins to the Beckman is shown hy the diagram, 
fig. 13, indicating a relative downward movement of perhaps 20 feet of 
the sheets between the Big Blue and the North Star. A horizontal 
projection of the Floyd _ 
and (he two faulting 
veins shows the relation 
indicated in fig. 14, the 
amount of the faults not 
exceeding 30 feet. 

The Canada Hill 
{Charonnat) vein. — This 
vein was worked from 
1854 to 1863, but the | ; 
most extensive work on 
it was done between 1879 i^" ' 
and 1887, in which period 
tlie mine produced 19,810 tons of ore, containing about $18 per ton; the 
exact percentage of sulphurets was 2.8, averaging $90 per ton. The ore 
yielded $14.80 per ton in amalgamated gold bullion, containing 73 per 
cent of gold and 27 per cent of silver, and $3.20 per ton iu conceutrated 
sulphurets, probably containing much silver. The Canada Ilill incline 
is 1,300 feet deep on the vein and there 
areover9,000 feetof drifts; thecountry 
rock is a normal granodiorite. The 
vein strikes north aud sonth, bending 
to the northwest north of the sliaft, 
and dips 15° to 20'^ W, ; in places it 
is almost horizouta). It is Id to 18 
inches wide, frequently, however, clos- 
ing down to a seam. The ore contains, 
like the Qrant, besides free gold, nmcb 
arsenopyrite, zincblende, galena, and 
pyrite, and is beautifully ribboned by 
alternating streaks of sulphurets. 
Near the cross veins this eulphureted 
ore is said to change to a more quartz- 
•howing Qgg character, with occasional rich 
bunches at the intersection. An an- 
alysis of the ore showed the presence of tellurium ( Mint Report, 1882). 
Faults on the vein. — Though at present the underground workings 
are inaccessible, trustworthy information in regard to the well-defined 
faults on this vein was obtained from Mr. Oharonnat, and his informa- 
tion is verified by the underground maps and by inspection of the 
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cross-searas on the surface. The Canada Hill is crossed by the hea\'y 
St. Louis vein, as well as by a great number of other fissures, rarely 
carrying quartz, striking a little north of east and perpendicular or 
dipping slightly north. All these throw the Canada Hill vein to the 
left, going north on the vein. The greatest fault is that produced by 
the St. Louis, which amounts to 150 feet on the surfsice and in the drain 
tunnel, measured in a horizontal direction, which corresi)onds to a 
vertical displacement of 45 feet. Between the St. Louis vein and the 
shaft there are at least two and probably more faults, throwing the 
Canada Hill an aggregate amount of about 150 feet in horizontal dis- 
tance; the vein is often cut off as with a knife, as is shown by a portion 
of the map of the mine given in fig. 16. The rule for finding the faulted 
vein in the Canada Hill mine is, clearly, to drift in the hanging wall 
when going north on the vein. 

The Grant vein^ parallel to the Canada Hill, but dipping east, is 
apparently not faulted to any notable extent by these cross veins. 



r. Q nO 




Fio. 15.— Vertical flection along ahaft, Canada Hill vein. 

Comparing the data from the Mayflower and Canada Hill veins, it is 
clear that the only movement on the faulting veins which can explain 
these facts is a relative downthrow of the south side, not vertical, 
however, but inclined toward the east at an angle slightly less than 
the dip of the Floyd and Grant veins. This explains the large move- 
ment on the flat vein dipping west, the slight throw of the Floyd, and 
the fact that no faults are observed on the Grant vein. The rule for 
finding the faulted parts of the veins dipping east is thus to drift in 
the foot when going north on the vein. Many of the faulting fissures 
are vertical, so that no distinction can be drawn between normal and 
reversed faults. The St. Louis, however, dips about 85^ N., and the 
fault produced by it is therefore a reversed or overthrust fault. 

The Oreenman vein^ a short distance west of the Canada Hill, dips 
to the east and, according to Mr. K. Sharpe, intersects the latter with- 
out faulting or being faulted. Drusy quartz, galena, pyrite, arsenopy- 
rite, blende, and molybdenite were noted on the dump. 
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The Wid€ West is a small vein parallel to the Canada Hill and 
cropping in Little Deer Creek. It is said to be 1 foot wide and to con- 
tain good quartz, but a lieavy influx of water in the shaft stopped the 
developments. 

The Union vein. — Located about a mile east of Canada Hill, on the 
north side of Little Deer Creek, this vein is the most westerly of the 
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Fio. 16. — Horizontal projection, showing faalts on the Canada Hill vein. 

Banner Hill complex. It was worked rather extensively from 1863 to 
1807, and a little work has again been done on it recently. It is stated 
to have yielded some rich but mostly low-grade ore, the developments 
ccmsisting of a 300-foot incline and tunnel from the creek. At a depth 
of 200 feet on the incline it is stated to cross, without any change in its 
general character, from diorite into argillite. The dip is 34^ E. The 
width is said to be from 1 to 4 feet. 
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The Banner vein. — Situated on the western slope of Banner Hill, this 
vein was located in 1860 and worked most actively during the latter 
part of the seventh and the beginning of the eighth decade, during 
which time it produced several hundred thousand dollars. During the 
year ending June 1, 1871, the mine yielded $135,180. In 1881 the work 
was resumed farther north on the vein, and the mint report of 1881 
stated "the incline (north of the old shaft), now 280 feet deep, will be 
sunk to a depth of 800 feet before drifting for the old Banner shoot." 
The work was discontinued two years later, the shoot presumably being 
found less rich than expected. The old shaft is 670 feet deep on the 
incline. The vein, striking north-northeast and dipping 45^ E., is 
inclosed in siliceous argillite, similar to that of the Federal Loan, and 
has a great tendency to split up in stringers, on account of the hard, 
splintery rock. The vein is said to average 4 feet. The ore contains a 
large percentage of sulphurets, and great difficulties were experienced 
in milling it. The tailings from the Banner mine were very rich, and 
are still being worked by arrastras and other appliances. The pay 

shoot was, in the upper levels, 
at least, extremely well de- 
fined, 300 to 400 feet wide, and 
dips N. 450 on the plane of the 
vein. In 1867 the ore was said 
to average $20 to $30 per ton, 
and contained considerable 
silver. 

The North Banner veins. — The 
Banner vein can be traced for 

Fio. IT.-WoodviUe vein. North Banner mine. about 1 ,500 fcct tO a poiut a 

little south of the diorite contact. North of the creek it is replaced by 
four veins, which are worked under the name of North Banner, and 
referred to, going from west toward east, as the Woodville, Dunnington, 
Tinny, and Reindeer veins. The first is the principal producer, being 
credited with $175,000 in the mint reports for 1889 to 1892. They are 
comprised within adistanceof 450 feet, and the dip varies from 30° to 45° B. 
The Woodville is developed by a 1,000-footlong drain tunnel, at the 
end of which there is an underground incline 500 feet long, following the 
ore shoot down. The mine is worked only on a small scale at present. 
The main Woodville tunnel starts in hard, dark argillite (contact meta- 
morphosed), but strikes the diorite within 100 feet. The veins are 
entirely in diorite. Strong sheeting, dipping west, is developed at the 
mouth of the Woodville tunnel, while an equally strong sheeting, dip- 
ping east, shows in the vicinity of the Tinny vein. The Woodville vein 
shows a decided bend to the west in its northern end. The veins are 
very regular, from 1 to 2 feet wide, and are filled with the usual massive 
quartz and sulphurets. The country rock is not extensively altered. 
The veins are comparatively regular, and little of that splintering 
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noticeable in the argillite veins is to be observed. The sketch (fig. 17) 
shows the Woodville at a place where it has split into two veins. The 
ore sometimes contains as high as 5 per cent of sulphurets,* consisting 
of pyrites, galena, molybdenite, and tetrahedite,^ and is characterized 
by a remarkably high percentage of silver. The reported product of 
1890 was $48,100 in gold and $2,300 in silver, or 2,450 ounces gold and 
* 1,780 ounces silver. The ore yields $10 per ton by amalgamation, and 
almost an equal amount in sulphurets, the latter containing about $160 
per ton, one-half to two-thirds in value being gold, the remainder silver. 
The pay shoot on the Woodville, though somewhat irregular, has an 
extent of 500 feet, and dips to the north on the plane of the vein. 

There are several claims to the east of the North Banner, located on 
parallel and similar veins, but very little work has been done on them. 
Near the top of Banner Hill, in brecciated argillite, are the Tiptop and 
Peerless veins, striking N. 30^ W. and dipping 60° E. The develop- 
ments consist only of small inclines and tunnels. Some rich specimens 
were extracted from the decomposed quartz of the Peerless in 1893. 
In the continuation of these veins southward is the old British America, 
said to have yielded some low-grade ore. The whole west side of Ban- 
ner Hill is apparently traversed by a system of parallel fractures dip- 
ping east. 

The Grand Central vein lies in the continuation of tliis belt just 
outside of the limits of the map, 3,300 feet from the southeastern 
corner, the country rock being black slate. This vein was worked for 
silver long ago, but without much success, and pyrargyrite, in fact, 
occurs on it. In the same vicinity are several other quartz veins, from 
which gold quartz is said to have been extracted to the value of several 
thousand dollars.' 



1 £ighth Rept State Mineralogist, p. 421. 
• Bean's Directory. 
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BETAIIiEB DESCRIPTIONS— (CONTINUED). 

NEVADA CITY DISTRICT. 

The productive veins in this district are, on the whole, concentrated 
in the vicinity of the contact of the granodiorite with the metamorphic 
slate, though only a few of them actually occur on the contact. There 
are many strong and persistent veins among them, frequently wide and 
heavily charged with sulphurets. On the whole they contain less sil- 
ver than the Banner Hill and Willow Valley veins, but more than the 
Grass Valley veins. The principal veins belong to two systems — (1) 
the west-northwest to east-southeast veins, with a steep southerly or 
northerly dip, and (2) the north-to-south veins with a medium easterly 
dip. The former system is represented by the strong and continuous 
Orleans mine, and in the northern part of the sheet by the Sargent & 
Jacobs, on which but little work has been done. The second, to which 
most of the productive mines belong, consists of a number of strong 
veins, apparently radiating from a point in the vicinity of Town Talk 
in directions ranging from north-northwest to north-northeast. The 
Providence-Champion complex embraces the largest veins in the whole 
region here discussed, and the considerable faulting which has taken 
place along it renders it of especial interest. Contrasting with these 
wide veins and broad faulted zones are the narrow and clear-cut fis- 
sures of the Mountaineer and the veins in Nevada City. The intimate 
connection of the two principal systems referred to above is empha- 
sized by the sudden bend of the Ural vein, changing from a north- 
northwest to a west-northwest direction, and by the less emphasized 
bend of the Merrifield vein. North-south veins dipping west are rare 
and are only represented by the Sneath & Clay and the Mohawk. The 
extensive seam belt west of the Providence-Champion system forms 
an especially interesting feature. 

A few scattered veins occur in the diorite area about Stocking and 
Pleasant tlats. On one of them, just north of Stocking Flat, a small 
pay shoot, containing about $1,000, is said to have been found. The 
veins occur in granodiorite, diorite, sedimentary siliceous slates, por- 
phyrite, and amphibolite, without great differences in the composition of 
the filling. None have, however, been found in the serpentine. The 
veins of the Providence-Champion system carry the largest amount of 
sulphurets, but all of the veins contain in the pay shoots a relatively 
abundant quantity of free gold. 
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The sheeting of the country ro^k is not prominent, except in the 
immediate vicinity of some of the larger veins and along the seam belt. 
At the latter place it is very well defined, and the joints dip to the 
west. Outside of the limits of the sheet to the northwest of Coan's 
mine there is a series of veins, not continuous, however, and not located 
on any contact. Among these are the Oro Fino, Yellow Diamond, 
Etna, and others. 

The veins of Gold Flat will be described first, then those of Nevada 
City, lastly the Providence-Champion system and the seam belt. 

The Orleans vein. — Forming the continuation of the Glencoe (Gracie) 
vein in the Banner Hill district, the Orleans (;an be traced for IJ miles 
west of the eastern boundary of the Nevada City sheet. The vein has 
been a very small producer, no important pay shoots having thus far 
been found. The developments are also slight. The Orleans tunnel is 
driven on it a short distance east of where the vein crosses the rail- 
road, and the Orleans shaft, 200 feet deep, is sunk 900 feet east of the 
lower Grass Valley road. At the upper Grass Valley road the Fortuna 
mine is located, with a shaft 250 feet deep. The vein shows here sev- 
eral feet of low-grade quartz containing considerable sulphurets. The 
Live Yankee is a stringer south of the Fortuna, and probably connected 
with the main vein. No work was done on this property in 1893. Near 
its western end the vein has been opened by several shafts south of the 
Crosby shaft on the Providence vein, and a crosscut from the first level 
of the latter found the Fortuna 500 feet southward. The vein lies 
nearly the entire distance in siliceous clay-slate, grading over into 
micaceous schists near the granodiorite contact. The strike is about 
N. TOO w. and the dip constant 70^ to 80o S. Only at the extreme 
western end does it enter the porphyrite area. It is not, as is frequently 
asserted, a contact vein. With the present developments the oi)por- 
tunities to study this interesting vein are not good. More extensive 
prospecting might well develop good ore shoots on it. 

The Manhattan is a short vein parallel to the Orleans and near the 
eastern edge of the area shown on the Nevada City sheet. A state- 
ment in Raymond's Report, 1871, page 45, gives the thickness of the 
vein as 2 feet, and mentions that it showed plentifully in gold and 
sulphurets. It has not been worked in recent years. 

The Morning Star and the Eureka veins. — North of the Orleans vein 
and just east of the railroad the contact of granodiorite and slate is 
cut by a number of short veins, striking north and dipping east from 
450 to 700. On the Eureka some work was done many years ago, and 
a great number of small vertical shafts were sunk to open the vein. 
The Morning Star was being opened in 1893 on a small scale by an 
inclined shaft in the slate, and some good ore is said to have been 
found. 

The Sneath cfe Clay and the Mohawk veins. — These two short veins 
in granodiorite are characterized by a westerly dip, unusual in this 
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vicinity. The Sneath & Clay is located a mile south of ITevada City, 
just east of the first railroad curve. Discovered in 1862 by means of 
the rich quartz specimen found in the placers just below it, it was 
worked quite extensively up to 1805, producing about $200,000 and 
yielding ore from $32 to $180 per ton. From 1865 to 1867 it was also 
worked, yielding a fair profit, the rock at times containing $40 per ton. 
Soon afterward it was shut down, and has remained so since then. 
The vein has a fiat westerly dip of 23^, and the incline is run 400 feet 
down along the ledge. The vein is irregular in size, but averages 
something over a foot in width. The pay shoots are evidently small. 




Fio. 18.— Vortical aection along nhaft, PittsbnrK vein. 

but rich; the gold, 823 fine. According to T. II. Rolfe, in Bean's 
Directory (p. 5iy), the pay shoot in the upper levels is 150 feet in length, 
contracting below to 100 feet 

The Mohawk vein, located half a mile southwest of the Sneath & 
Clay, was also worked during the sixth decade and opened by a ver- 
tical shaft 1 1 8 feet deep. At least 500 tons of ore were taken out, 
averaging $34 per ton. The vein appears to contain rich pockets of 
free gold, in which many fine specimens have been fimnd. These notes 
are chiefly from Bean's Directory. 

The Pittsburg ( Wigham) vein. — This vein was discovered in 1851 and 
worked at intervals with indifferent success till 1862; in this year it 
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produced $85,000, with an average of $23 per ton. Prom 1866 to 1872 
the mine produced largely, $102,000 being the yield of 1866,^ the ore 
averaging $60, and $150,000 the yield of the year ending June, 1870. 
In the last twenty years the mine has been worked intermittently; in 
1893 exploitation was confined to the fourth and fifth levels south of 
the shaft. A good report on the property by Mr. .1. D. Hague is found 
in Raymond's fourth annual report. The depth of the main shaft was 
at that time (1872) 783 feet on the incline. 

Present developments consist of an incline shaft with a dip of 43o 
and a length of 1,000 feet, and an old incline shaft 500 feet long and 
400 feet to the south of the main shaft. The drifts of the upper eight 
levels are extended from 400 to 600 feet north and south of the shaft; 
from the lowest two levels the drifts have been run for only a short 
distance. There is a 10- stamp mill on the property. 

The country rock is a dark-green, hard diabase, the augite largely 
converted into hornblende. The croppings of the vein are obscured by 
the decomposed surface rock; the strike of the vein averages N. 45o B., 
and the dip 43^ SE. with many minor variations (fig. 18). The walls 
are well defined, the foot wall esi)ecially so; the vein is a clean, hard, 
and compact seam of quartz, averaging in thickness from 12 to 15 
inches. Generally the quartz seam fills the entire space between the 
walls, but m the places where the walls are farther apart the mass 
between them consists of crushed country rock impregnated with pyrite 
and calcite, through which two or three veins of massive quartz are 
distributed. Suoh an occurrence is shown by fig. 19, drawn by Mr. E. C. 
Uren, in the now inaccessible ninth level. The pay is in the quartz, 
the crushed and altered country rock being very poor; '« the free gold 
everywhere present in the quartz is sometimes, though not always, 
visible. The sulphurets with which much of the gold is associated are 
generally present, sometimes sparsely distributed in bunches and 
specks and in other i)laces forming solid seams several inches iu thick- 
ness" (llagae). Pyrite is plentiful; there is also some galena, but 
only very little blende and chalcopyrite. Arsenopyrite occurs occa- 
sionally. The sulphurets are rich, ranging from $100 to $200, and the 
ore is in general high-grade, averaging $36, the bullion being 806 fine. 
The wall rock is remarkably hard and fresh, and frequently lies up 
close to the vein; the altered cx)untry rock, replaced by pyrite, seri- 
cite, and carbonate, is confined to the crushed rock between the walls. 
A remarkable fact is that all quartz in the vein is good ore and goes to 
the mill. *'The pinches or contractions in the vein in the stoped por- 
tions are seldom more than a few feet in horizontal measurement, while 
the expanded portions of the continuous quartz are very much greater, 
in one case over 200 feet" (Hague). The stopes are very extensive, 
those on the third level reaching 400 feet north of the shaft and 700 feet 
southward. While the developments on the lowest levels are small, it 

* fiean's Directory. 



204 GOLD-QUARTZ VEINS OP NEVADA CITY AND GRASa VALLEY. 

is clear that the pay shoot in this part of the mine has contracted and 
split in tTTo, one on each side of the shaft. As a whole, the wide shoot 
may be said to dip to the northeast on the plane of the vein. 

The developments to the southwest have generally stopped when a 
series of fissures faulting the vein was encouatered, but, as shown by 
the work of the last few years on the fifth level, good ore occars in and 
beyond the faults. The fiiulting fissures strike east-west, are nearly 



perpendicular, and contain no quartz; at least three of them have been 
recognized, and Hague mentions that the vein south of the old sbatt 
down to the fourth level has been traced through three of these faults 
and appears to be somewhat enriched by them. Below the fifth level 
the vein has not yet been followed through the faults. The same fis- 
sures are found to fault the adjoining Gold Flat vein. The throw of 
the faults measnred along the drifts does not exceed 40 feet, the north 
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side generally showing a relative downthrow; that is, the vein will be 
foand by drifting to the left along the fault. The faulting plane is 
sometimes seen to curve around slightly when the vein is reached, 
although on the whole following its course without change. In one 
instance on the third level the vein is bent over, following the fault for 
a few feet. 

The Gold Flat or Potosi vein, — Located 1,000 feet west of the Pitts- 
burg, this vein has been developed at the southern end by the Potosi 
shaft, 400 feet dee^) along the incline, sunk about 1865, and 750 feet 
north of this by the Gold Flat shaft, 300 feet deep, on which work 
was being prosecuted in 1893 and 1894. There is a 10-stamp mill on 
the property. The vein is inclosed in hard uralitized diabase or por- 
phyritic diabase, strikes a little east of north, and dips east at an aver- 
age angle of 38^. It is somewhat irregular in direction and dip, as well 
as in thickness, the latter ranging from a mere seam up to 18 inches. 
The sulphurets are not very abundant and consist chiefly of iron pyrit^,s 
and a little galena; the gold is 816 fine. There are two ore shoots on 
the vein; one, about 75 feet wide, begins at the Gold Flat shaft and 
dips south on the plane of the vein, contrary to the general rule, while 
the other begins at the Potosi shaft, is 425 feet wide, and dips to the 
north. It is expected that the pay shoots will unite in depth. In 1893 
ore was extracted from the shoot in the vicinity of the Potosi shaft, 
reached by a drift on the 212-foot level of the Gold Flat shaft. At least 
two barren fissures (crossings) fault the vein, one on each side of the 
Potosi shaft. They strike east-west, and are perpendicular or incline 
slightly north or south. In the more southerly of the two faults the 
vein was seen to be cut off as with a knife by the smooth, glistening 
seam of the faulting fissure. The throw, measured along the drift, is 
from 10 to 20 feet, and to straighten the fault it is necessary to drift to 
the left along the crossing; this corresponds to a downthrow of the 
northern blocks. 

TJie Mohigan vein, — A few hundred feet northwest of the Gold Flat, 
and between that mine and the Thomas, is the east- west vein of the 
above name. It dips 38^ S., and would seem to correspond to the 
flat east-west veins on the Mayflower, Sharpe, and McCormick prop- 
erties. The Mohigan shows an average width of 1 foot and has been 
worked for a distance of 800 feet along the cropping, but to no great 
depth, the shaft being 150 feet deep. The ore is said to have aver- 
aged $30 per ton. 

The Merrimac vein. — Situated about 2 miles south of Neva<la City, 
on the south slope of the Town Talk Ridge, this short vein shows the 
somewhat unusual dip of 42° N. It is opened by a shaft 385 feet 
deep on the incline. The drifts extend chiefly eastward from 100 to 
300 feet. The vein lies in the black, tuff*aceous Mariposa slates, and 
cuts their strike and dip. It is said to be from 18 inches to 3 feet wide 
and to contain a pay shoot 300 feet long. The ore is banded quartz. 
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containing galena, besides free gold, 8L7 fine. These notes are from the 
Eleventh Annaal Eeport of the State Mineralogist, the mine not being 
worked duriug 1893 and 1894. The small hydraulic pit near the mine 
was excavated to wash the decomposed croppings of this vein below 
the andesite. 

The Thomas and Grant veins. — It has already been stated that the 
principal veins crossing Deer Creek and dipping east converge toward 
a center in the vicinity of Town Talk. All of them appear, however, to 
die out before reaching the Fortuna cross vein, and south of that there 
are only two veins which represent the Deer Creek vein system. On 
one of them, the Thomas vein, striking north-northeast and dipping 
450 E., perpendicular and inclined shafts have been sunk to a depth 
of 800 feet on the incline. The ore bodies are said to be very irregular, 
ranging from a few feet to 150 feet in width. The ore is heavily 
charged with sulphurets and frequently very rich. No work has been 
done on the property for a long time. 

The Grant vein, 1,200 feet north of Town Talk, has been opened by a 
tunnel. In its southern part, called El Capitan, considerable capital 
was expended about 1880, without returns. This vein might, from its 
position, be considered as the southern continuation of the Merrifield. 

The Eagle vein. — This is a short vein cropping near the cemetery south 
of Deer Creek, half a mile east of the bridge. It is opened by a 500- 
foot-long tunnel from Deer Creek, is said to be 8 inches wide, and 
contains some high-grade ore. In 1881 the vein was worked to some 
extent. 

Parallel to this are the three larger veins described immediately 
below. They may be characterized as sharp, clear-cut, single fissures, 
narrow but frequently rich in free gold, and incased in very hard grano- 
diorite, and may be referred to as the city veins, because outcropping 
within the limits of the city. 

The Nevada County {Italian) vein. — This vein, cropping at several 
places on Piety Hill, crosses Deer Creek at the suspension bridge and, 
continuing under the center of the city, splits into two branches. It was 
discovered in 1866, but has not been worked for many years past. The 
main shaft near the bridge is 230 feet deep on the incline, but no levels 
are turned below 200 feet. The first level extends 700 feet north and 
50 feet south; the second level, 200 feet north and 500 south. There is 
a main shoot at the shaft, and two smaller shoots to the north and south 
of it, all dipping to the north. The dip is 50^ E. ; the width variable, 
generally narrow, but occasionally up to 2 feet. The ore runs from $20 
to $40. A 3-foot-wide barren and perpendicular cross vein faulted 
the Nevada County vein about 600 feet north of the shaft, the throw 
being 6 feet. At this crossing the ore was very rich, reaching $100 
per ton. 

The Stiles (Midnight) vein. — The southern part of this vein, known as 
the Half-mile House ledge, has been prospected all along its course and 
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opened by an incline shaft. North of Deer Greek it has been opened 
by a tannel from Deer Creek, and some good ore is said to have been 
found. 

THE GOLD TUNNEL VEIN. 

This prominent and rich vein has been worked by the Eeward, Cali- 
fornia, Gold Tannel, and Pennsylvania mines, along a distance of 7,000 
feet. 

The Reward mine is located at the southern end of the vein, where 
it is split up into two branches about 180 feet apart. The Howard shaft, 
located on the eastern vein, is 200 feet deep on the incline and dips 
33° E. A pay shoot on this vein was stoped in 1894. The vein is very 
regular and of an average thickness of 1 foot of solid quartz. At the 
depth attained the granodiorite is very soft and decomposed, and most 
of the sulphurets are oxidized. As a preliminary to sinking, a drain 
tunnel is being driven from Deer Creek. 

The California min^, north of the Eeward and on the south side of 
Deer Creek, was located in 1857 and worked in a desultory manner 
until 1866, when new machinery was erected; the mine shut down 
again, however, in 1868. It was exploited again about 1875, for which 
year it is credited in Eaymond's Eeport with a production of $90,000; 
for many years past it has been idle. The incline is 540 feet deep along 
a ilip of 37 JO, and has three levels turned below the drain, which are 
from 200 to 500 feet long. The vein is said to vary from 1 inch to 4 
feet in width, the average probably being 1 foot; the ore is reported to 
contain about $19 per ton and 3 per cent sulphurets. 

The Oold Tunnel^ on the north side of Deer Creek, has the distinction 
of being the oldest mine in Nevada City, being located in 1850. From 
1852 to 1855 it is known to have yielded $300,000, averaging $50 per 
ton; from 1855 to 1863 it was worked continuously, with unknown out- 
put. In 1868 the ore above the tunnel level was not yet exhausted. 
It was worked more or less continuously until a short time after 1875, 
since which time it has been idle. The vein is opened by a long drain 
tunnel from Deer Creek, connecting with the old incline halfway up 
the hill and with the new shaft on top of the hill. The latter is sunk 
360 feet on the incline below the tunnel, two levels being turned, the 
lowest 250 feet below the drain. There appear to be several pay shoots 
on the vein. The width of the vein, while variable, is said to average 
1 foot 2 inches, and the ore contains 2 per cent sulphurets. 

North of the Gold Tunnel lies the Eddy claim^ reported to have pro- 
duced some ore, and the Pennsylvania. The latter mine, which has not 
been worked for many years, lies northwest of Nevada City, and its 
shaft is vStarted in the Neocene gravels covering the vein. According 
to a report in the possession of the Citizens' Bank, the shaft is 500 feet 
deep on the incline, withdrifts400 to500feet longon each side. The dip 
is 450, with good foot wall; the size of the vein, 18 to 24 inches, mostly 
ribbon rock. About 15,000 tons have been extracted, yielding $20 in 
free gold and 8 per cent sulphurets, the latter containing $100 per ton. 
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THE MOUNTAINEER VEIN. 

Extending from Deer Creek for at least 5,000 feet northward, this 
vein is, in the character of its fissure, related to the city veins, though 
its ore is more like that of the Providence system. It has been worked 
extensively for the last fifteen years, and is estimated to have produced 
$1,000,000 in this time. The principal developments are in the southern 
part of the vein, but it has been traced over the exposed bed rock of 
the hydraulic diggings, where it shows as a small seam, and bends to the 
north-northwest, one branch extending north-northeast. Some ore 
assaying $80 was extracted near the large pond in the diggings, and the 
same vein is shown 4 to 5 inches thick in the Grover and Knickerbocker 
tunnels. 

The Mountaineer mine is opened by a tunnel from the north side of 
Deer Creek. One thousand feet from the mouth a shaft is sunk 850 
feet deep on the incline. Seven levels are turned, with a maximum 
extension of 1,100 feet to the north and 650 feet to the south. A 
20stami) mill is erected on the property. The vein is clear-cut and 
well defined, with a direction of N. 18° E., and dips 31 ^^ E. on the 
tunnel level. It is inclosed in very hard granodiorite, the fresh rock 
generally lying close up to the vein. The width averages about 1 foot, 
but is very variable; when it occasionally swells to 3 or 4 feet the ore 
usually becomes poor. There is no sheeting of the rock adjoining the 
vein, but the quartz forming the filling is frequently ribboned by sheet- 
ing and crushing; much pyrite, often also gold, is found on the sheeted 
faces. The sheets of quartz, 1 inch or less thick, often show i^ro- 
nounced striation, which is i)erpendicular to the strike, or dips slightly 
northward. The quartz contains, besides free gold, much sulphurets, 
the average being 3 or 4 per cent, consisting chiefly of pyrite, with 
much greenish-black blende and some chalcopyrite and galena. The 
sulphurets are rich, containing from $100 to $200 per ton. No arseno- 
pyrite was observed. The ore is characterized by a considerable per- 
centage of silver, and is said to average $15, the product of the mine 
being as follows : 




1890 
1891 
1892 



Gold. 



Silver. 



Ounces. Ouncet. 

4,262 2,341 

3, 507 2, 260 

3, 552 2, 000 



The principal pay shoot begins at the reservoir on top of the hill and 
pitches a little north on the plane of the vein. On the fourth level the 
vein had shut down to a mere seam where the pay shoot should be, but 
opened up rich again on the next level below. Beyond this shoot the 
vein forks and has not been explored. The third, fourth, and fifth 
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levels exteDd 200 feet south of Deer Creek. In the hanging wall, 170 feet 
from the main fissure, is found a heavy but mostly barren vein called 
the Black Prince, connected with the Mountaineer by a cross fissure. 
Three cross fissures, striking northeast and dipping 00° N., cut the 
vein in the vicinity of the shaft on the tunnel level. They do not 
carry much quartz, and are stated to have faulted the vein 1 or 2 feet 
in some places. The massive quartz, without sulphurets, between the 
pay shoots averages $1.50 or $2 per ton. 

TlfE MERRIFIELD VEIN. 

The Merrifield vein is probably the longest one in the district, and" 
forms, with the adjoining Ural vein, one of the most important vein 
systems of the district. The Providence, Merrifield, Spanish, and 
Mount Auburn mines are located on it, and there can be hardly.auy 
doubt that it is the same Merrifield vein which emerges from the volcanic 
capping on the north side of Cement Hill (northwest corner of map) and 
continues down to Hoyts Crossing. In such case the total length of 
the vein would be over 4 miles. The principal developments are on 
both sides of Deer Creek. 

The Providence mine^ on the south side of Deer Creek, was located 
early and worked on a small scale between 18C1 and 1867. Considerable 
difficulty was experienced in treating the highly sulphureted ore, Knox 
pans being used to extract the gold from the concentrates. The exploi- 
tation of this and adjoining veins on a large and profitable scale really 
dates from the time of the introduction of the chlorination process. 
Since 1870, however, the mine has been worked almost continuously, 
with a short interruption about 1888, and with gratifying success. In 
the last years considerable ore has also been extracted by the Provi- 
dence mine from the adjoining Ural vein. The mine is equipped with 
a 40-stamp mill and chlorination works. The total output of the Provi- 
dence mine, or, indeed, of any of the mines on the Merrifield vein, is 
not accurately known. The Nevada County Mining Review estimates 
that the Providence has yielded $5,000,000 since its discovery, which 
figure, however, seems too large. In the mint reports of 1890 the 
mine is credited with $59,000, but the average output since then has 
doubtless be^n considerably larger. 

The present developments consist of a shaft 1,800 feet on the incline 
and drifts on the vein aggregating several miles. The mine has been 
opened underground to south of the Crosby shaft, as illustrated on PI. 
XXI. This plan is not intended to represent the complete workings, 
but only so much as may be necessary to an understanding of the 
important geological features involved. 

The Merrifield vein is notable for its great width, and particularly 

for the great width of crushed material accompanying it. In fact, in 

this regard the Ural and the Merrifield stand alone in the districts; 

everything points to most intense dynamic action along these lines. 

17 GEOLy PT 2 14 
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To the north of the Providence mine the.Merrifleld vein lies entirely in 
granodiorite; at that mine it cuts the slate contact obliquely at a slight 
angle, evidently following the latter on the surface for a few hundred 
feet, though the exposures are not quite decisive on account of surface 
decomposition. The relations of the slate and the granodiorite are 
particularly interesting in the Providence mine. The lower workings 
are all in granodiorite. In the drain tunnel, however, about 800 feet 
from the entrance, the vein encounters the contact and follows it a^ far 
as the drain is accessible at present. Both the hanging wall and the foot 
wall are very much crushed and decomposed, but enough is visible to 
justify the assertion that the vein follows the contact. The workings 
below the tunnel are not now accessible, but it is well known that the 
vein for a considerable distance below it followed the contact. A part 
of the data represented on the map are furnished by Mr. Thomas, 
for a long time the superintendent of the mine and probably better 
acquainted with the old works than anybody else. Now, as far as is 
known, the veins of the district exhibit the most marked indifference 
as to crossing or following any contacts; it is further known, from 
examinations covering a large area in the Sierra Nevada, that the con- 
tacts of the granitic rock with the slates either run wholly irregularly 
or — and this very frequently — are approximately vertical. It is very 
improbable that the contact should have happened to follow a plane 
which subsequent forces caused to be a fault plane. Taken in con- 
nection with the indications of intense crushing along the vein, the 
only rational explanation is that an overthrust fault has taken place 
with a relative upward movement along the hanging wall, amounting 
to about 1,000 feet measured along the dip of the vein. Indeed, if we 
assume an approximately vertical contact and a line of fissure crossing 
it at a slight angle, an upward movement of the hanging wall will place 
a part of the vein on the contact, producing a contact area extremely 
similar with that shown by the workings of the mine. 

The vein strikes about north-south and dips 35° E. on an average, 
different parts dipping from 29° to 45°. Between the fresh unaltered 
walls there may sometimes be as much as 20 feet, or even more, of I'ock 
more or less crushed and divided by numerous fissures parallel to the 
vein. As a rule this " formation " is firom 6 to 10 feet wide, though some- 
times the fresh unaltered rock may be seen close to the vein. The quartz 
vein proper usually ranges from 6 inches to 4 feet in width, in isolated 
places reaching 10 feet. This solid, hard, milk-white quartz, not mixed 
with country rock, constitutes the ore. It contains much sulphurets 
in ribboned arrangement, partly due to primary deposition, partly to 
subsequent shearing. Where the width of quartz is extreme the ore 
is usually i)oor; for instance, on the 1,250-foot level next to the shaft. 
It must not be imagined that the ore follows a well-defined plane within 
the crushed and fissured zone. On the contrary, the quartz vein thins 
out in one plane only to appear in another, or there may be two or three 
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moreor less nearly parallel veins within the zone. The crashed grauodio- 
rite is seen in all stages of the process, from a mere softening down to a 
point where the rock is converted to a grayish-green schist with smooth, 
curved cleavage faces, and all its constituents flattened and squeezed. 
The slate, whenever present along the vein, has suffered in a similar 
manner, and there may sometimes be considerable difficulty in deter- 
mining whether a given specimen is crushed slate or granodiorite. 
Analyses of these rocks are given on page 149. The crushed rock 
next to the vein contains much calcite by replacement and as small 
seams; considerable pyrite is also usually present. This altered and 
partly replaced wall rock carries a little gold, sometimes as high as $2 
to $3 per ton. 

The quartz contains, on an average, 6 or 7 per cent of sulphurets, 
consisting chiefly of pyrite, chalcopyrite, zincbleude, galena, and a very 
little arsenopyrite. The free gold is very rarely visible. The distribu- 
tion of the sulphurets is somewhat irregular, and on the whole there is 
less of them than in the Ural vein. Tellurides, while occurring on the 
Ural vein, are not definitely known from this vein. Molybdenite occurs 
rather frequently, and sometimes in large bunches, though usually not 
closely associated with the other sulphurets. 

The concentrated sulphurets are said to assay from $80 to $225 per 
ton,^ averaging $130, and contain considerably more silver than gold 
by weight, the relation being 3.5 ounces of silver to 1 ounce of gold. 
The gold is rarely visible to the naked eye. In 1890, according to the 
mint report, the mine produced 2,800 ounces of gold and 2,326 ounces 
of silver, or approximately equal quantities by weight. 

The pay shoots on the Providence-Merrifield vein are rather irregular, 
size and value of vein often changing, but on the whole it may be said 
that the most important shoot follows the remarkable split of the vein 
shown in the plate, and dips to the north about 70^. The width of the 
fissured zone renders frequent cross cutting necessary. 

The Merrifield mine, now owned by the Champion Company, is opened 
on the northward continuation of the Merrifield vein. According to 
Bean's Directory, this mine, formerly called the Soggs or Nevada Com- 
pany, worked nearly continuously from 1857 to 1867, the yield ranging 
from $40,000 to $70,000 per year. In 1866, 5,000 tons were produced, 
yielding $42,000 in the mill and $8,000 in sulphurets. The mine was 
at that time developed by three tunnels, from 2,500 to 1,800 feet long. 
Between 1880 and 1884 work was resumed, with varying success. A 
shaft 900 feet deep was sunk opposite the Providence, and the drifts 
were said to aggregate 8,000 feet. The daily output of ore in 1882 is 
said to have been 55 tons. Since 1884 but little has been done, and 
during this examination the old works were not accessible. Recently 
it has been stated that the intention is to reopen the mine. From 
information available it is clear that the vein and the filling are entirely 
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similar to those of the Providence mine. The vein and vein matter are 
wide, from 3 feet to IG feet, and average 5 feet. Amount of sulphurets, 
6 per cent. From the account it is phiin that large ore shoots have 
been found in the mine, and it would be strange, considering the gen- 
eral character of the vein, if these shoots did not continue in depth. 
North of the Merrifield mine the vein of the same name is barren for 
some distance, though easily traceable on the surface. 

The Spanish mine is located 1 mile north of Deer Creek. The pay 
shoot at this y)lace has been worked in a somewhat extensive manner 
only during the last few years. The property is developed by a shaft, 
at present 400 feet deep, and the ore is worked in a lO-stamp mill. The 
Merrifield vein a[)pears here with somewhat changed characteristics. 
It lies in granodiorite, striking north-northwest and dipping 45° E. 
The vein is exceedingly variable in thickness, sometimes swelling to 8 
or 9 feet of quartz, with some intercalated masses of altered country 
rock, then again pinching to a mere seam. The granodiorite is crushed 
near the vein, sometimes schistose, and in some places traversed by 
seams of black clay parallel to the vein, a product of extreme crushing. 
The altered granodiorite is filled with pyrite to an unusual degree, but 
the mass contains very little gold. In extreme form the altered grano- 
diorite is a soft white rock with a greasy feel, consisting of carbonates, 
residual quartz, pyrite in sharp cubes, and sericite in extremely fine 
and talc-like scales. Calcite occurs sometimes with quartz as large 
cleavage pieces. The ore, which is generally low-grade with occasional 
very rich bunches, consists of solid quartz with a moderate amount of 
pyrite, galena, and zincblende. Coarse gold rarely occurs and ribbon 
quartz is not often seen. The piiy shoot, said to be 150 feet wide, 
pitches north on the plane of the vein at a steep angle. 

North of the Spanish mine the vein forks and runs blind on the sur- 
face for some distance, but there can not be much doubt that the Mount 
Auburn mine represents its continuation north waid. 

The Mount Auburn mine, — This mine has not been worked for many 
years. In the mint reports of 1881 and 1883 it was said to be working, 
but it must have stopped soon afterward. The shaft is 400 feet deep on 
the incline, and various levels run northward. The vein is said to 
be 18 inches thick, and strong in sulphurets, the pay shoots being very 
irregular. North of Mount Auburn, at Ragon's, the vein splits up into 
several almost parallel branches. The vein was struck again in the 
workings of the old Empire gravel mine. 

THR URAL AND WYOMING VEINS. 

The Ural vein can be trace<l continuously on the surface from the 
Providence mine to the Chapman ranch, a distance of 7,000 feet, 
and i)robably also continuously from there to the Coau mine at the 
edge of the tract. For a considerable distance north of Deer Creek 
the vein follows the contact between granodiorite and slate, and shows 
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a remarkable tendency to throw out parallel stringerR in tbe latter rock 
witli slightly less dip than the main vein. In the Providence ground 
the vein has been worked during the last few years by means of cross- 
cuts from the main shaft on the Merrifield vein. North of the creek 
the Ural vein has been worked for a long time, being known also as 
the New Years vein. Located in 1S51, it was worked for many years 
without much success. Since 1881 the Champion Company has devel- 
oped the vein, with excellent results; a 30-stamp mill and chloriuation 
works are built on the i)roperty. 

In the Providence mine the A'^ein has produced a large amount since 
1893. In the Champion ground the outi)ut has also been large for 
a number of years, the mint reports crediting that mine with sums 
ranging from $77,000 to $158,000 in the years 1889 to 1892. The whole 
production of the Ural vein can not be stated with accuracy, but is 
probably not less than $2,000,0a0. ^ 

On the surface the vein first appears near the Providence chloriuation 
works, in slate; crossing the creek, it is next seen at and above the 
Champion Hoist, here on the contact. Making a sharp bend to the 
west, largely caused by the rapidly rising hill, it continues north, at 
first not strictly on the contact, for immediately to the east there are a 
couple of hundred feet of very highly con tact- metamorphosed slate 
mixed with granitic dikes, before the main contact is reached. Soon, 
however, the often heavy quartz croppings lie distinctly on the con- 
tact, and continue so at least up to the Nevada City southern shaft. 
Though the surface is very much decomposed, the croppings may be 
traced with considerable accuracy by aid of the frequent cuts and 
tunnels. 

The average dip of the vein is 35^ E., and it may be said to vary 
between 30° and 40^. Near the GOO-foot level in the Providence mine 
it reaches the contact, and follows it strictly between that level and 
the 1,250- foot level, the lowest at the time of this examin«ation.* The 
rich pay shoot between these levels lies along the upraise not far south 
of the main Providence shaft. Only on the GOO-foot level has the \ eia 
been followed to the southward, and the exposures there are of great 
interest. The crosscut is in hard, massive granodiorite; the vein lies 
directly on the contact, with strong evidence of movement and crush- 
ing of both rocks. Southward, the granite soon leaves the hanging 
wall and the vein closes down to a x>ersistent and distinct seam. The 
drift is now in a hard, massive, dark rock, containing occasional small 
granodiorite dikes; this rock is a considerably decomposed diabase, 
containing calcite and pyrite, and is evidently a body within the slate, 
which does not show on the surface. Six hundred feet from the cross- 
cut the seam bends around to the east and becomes very much 1 ss dis- 
tinct at the end of the drift, which is all along in the same diabasic 



'In 1895, a ero8«cut. «taite<l from the l,800-fcK)t level on the Morrifiehl vein, reache<l die Fral vein in 
about the same distance aa on the 1,250-foot level. Tbe vein is at this depth still on the contact. 
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decomposed rock. Three hundred and fifty feet from the contact, 
branch seams start to the east and west; the one to the east has been 
followed for almost 1,000 feet; it soon bends south again and enters 
the normal black siliceous slate having a pronounced jointing dipping 
west; the seam opens to a well-defined vein with as much as IG inches 
clean quartz, and dips from 20° to 30^ E. ; no ore shoots have been 
found on this vein. 

This level has been described in more detail because it is a remark- 
able instance of the sudden ending of a strong and heavy vein. 

The strong pay shoot between the GOOfoot and the 1,250-foot levels is 
about 150 feet wide and dips with the vein. Over this considerable 
area the vein is from 2^ to 3 feet wide, showing only white quartz mixed 
with much sulphurets. On both sides of this quartz lie 1 to 4 inches 
of soft black clay; and in the hanging wall there are usually several 
feet of greenish -gray, schistose, and crushed granodiorite impregnated 
with calcite and pyrite. In the foot wall there are also ordinarily from 
one to several feet of soft, black, crushed, slaty material, derived from 
the somewhat carbonaceous, contact-metamorphosed schists. The 
quartz shows no comb structure, but very clearly a ribbon structure, 
chiefly due to deposition of the sulphurets in large, irregular, roughly 
parallel masses. 

The quartz divides easily in plates from 1 to 2 inches wide, and a close 
inspection will reveal a slight striation on these sheets, indicating a 
sheeting of the vein subsequent to its deposition. Small secondary 
fractures, filled with pyrite, sometimes cross the vein. ^ The vein in this 
pay shoot is clearly and unquestionably a once oi)en space filled 
with quartz and suli)huret8. Near the 1,250-foot level the vein throws 
out flatter stringers in the foot wall, with good ore. The ** slate vein" 
found on the 600 foot level is undoubtedly a continuation of one of 
these stringers. The percentage of sulphurets varies from 5 to 8 per 
cent; occasionally very heavy masses are found, containing $100 and 
above per ton. The sulphurets found are pyrite in predominant 
quantity, galena, zincblende, and chalcopyrite; there is very little 
arsenopyrite. 

A considerable mass of altaite, or telluride of silver and lead, was 
found in 1894, and was accompanied by free, coarse gold, not otherwise 
usual in this ore. A little molybdenite also occurs. The concentrated 
sulphurets contain more silver than gold, the relation being 3.5 ounces 
of silver to 1 ounce of gold, but in the whole output of the mine the 
gold predominates by weight as well as by value. The gold obtained 
by amalgamation is 832 fine. Heavily sulphureted ore was found to 
contain 5 ounces of gold and 10 ounces of silver. 

In the Champion mine the character of the ore Is very similar to that 
just described. The sulphurets average 5 per cent and contain from 4 
to 7 ounces of gold and 10 to 15 ounces of silver per ton.^ There are 
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several pay shoots of lower grade north of the shaft, and one richer to 
the south of it; the shoots in general dip north on the vein at steep 
angles. The grade of the sulphurets and the ore is about similar to 
that just described. A little molybdenite has been found in the vein 
here also. 

The heaviest body of quartz known in the mine lies in that peculiar 
sharp bend in the A'^ein to the south of the shaft. In this place were 
noted 10 feet of massive quartz, with much sulphurets in irregular dis- 
tribution, not ribboned. 

The Champion mine being closed on account of legal injunction dur- 
ing the time of the examination, the opportunities for examination were 
not so good as might have been desired. Along the shaft and in the 
several levels in the vicinity of the shaft the Ural vein certainly lies on 
the contact between slate and granodiorite, and it is stated by all con- 
versant with the character of the vein that the whole deposit, as far as 
known, lies on this contact. In special cases it may not always be 
easy to decide, but in general there is no difficulty in distinguishing the 
crushed slate from the granitic material. On the whole, the vein is 
very much like the Merrifleld and the Ural in Providence ground. 
There is always a '*' formation " of crushed, more or less schistose 
material from 8 to 10 feet thick; the pay — that is, the quartz — may vary 
from a mere seam up to 10 feet in thickness. 

A continued strong tendency to throw out branches in the foot-wall 
slate is noted in the Ural vein. Immediately north of the creek lies 
the Wyoming vein, a branch worked many years ago. This vein has 
a more northwesterly strike than the Ural, dips about 25° E., and 
distinctly joins the Ural along a line running east- west in horizontal 
projection. Some distance north another " slate vein," also called the 
Wyoming, and which may or may not be the same as the one just men- 
tioned, appears, and can be easily traced up to a point at the South 
Nevada City shaft, where it joins the main Ural vein. On this vein, 
which dips flatter than the Ural and will eventually join it, a shaft has 
been sunk to a depih of 900 feet on the incline; the principal work 
was done between 1880 and 1890, The vein lies entirely in brownish, 
somewhat flinty, contact-metamorphosed slate, often filled with pyrrho- 
tite. The width is irregular, averaging 2 feet; the sulphurets amount 
to 2| per cent; the pay shoots are very irregular, but a large amount 
of ground on both sides of the shaft has been stoped. 

In the Xevada City mine {Oold Hill Mining Company) the Ural vein 
has been extensively worked since 1879, and after a short interval of 
inactivity work has recently been resumed on it with excellent success. 
The mine is opened near the southern end of the claim by a shaft 
1,000 feet deep on the incline; but no work is being done at that place 
at present. The new shaft is located 1,100 feet north-northwest of the 
old one, and is at present 500 feet deep. PI. XXI«hows the extent of 
the works. The mine is said to have produced $600,000. (Nevada 
County Mining Eeview.) 
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The slate vein and tbe main Ural vein, uniting at the southern shaft, 
continue northward, the exi)osure8 on the surface at first being unsat- 
isfactory; it is said, however, that the vein followed the contact for 
some distance. 

Seven hundred feet north of the shaft the vein forks. One branch 
continues northward in the granodiorite and is known as the Muller 
and Walling; a small incline shaft has been sunk on a branch of this 
vein a short distance south of the main road. Though the outcrops are 
unsatisfactory, it is probable that the Muller and Walling makes a bend 
and continues to connect with the ^^old mine" indicated on the map, 
northwest of the Spanish mine. 

Another and smaller branch runs out in the granodiorite, makes a 
bend, and soon returns to tbe main vein both on the strike and dip. 
The main branch also leaves the contact and makes a sharp bend to 
the northwest, soon changing to west- northwest, and continues run- 
ning a short distance away from the contact and nearly parallel to it. 
In the old shaft the vein dips 32° E. The workings are not accessi- 
ble, but it is stated on good authority that the whole vein here lies on 
the contact. In the new shaft beyond the bend the vein dips 26^ B., 
the upper i)art of it being still flatter, for the outcrops lie a considera- 
ble distance back of the shaft. At the new shaft the vein lies entirely 
in granodiorite, except at one place in a crosscut a short distance south 
of the shaft in the third level, where a projecting mass of fresh, hard, 
quartzose schist reaches the foot wall. A sharply defined dike of 
granodiorite is contained in this schist. The hanging and foot walls 
are generally well developed, the space between them, several feet 
wide, being occupied by a crushed and altered granodiorite. In many 
parts of the mine there are several parallel seams, accompanied by 
crushing, back of the front vein. Going south in the drain tunnel, one 
finds the contact between granodiorite and the schist or slate at the 
point indicated on the map, at the first shoot of the old workings. The 
further extension was not accessible at the time of the investigation. 

The vein is ordinarily from 1 to 2 feet wide. One body of quartz, 
with a width of 12 feet, was found on the fifth level, very soon, however, 
shutting down again. Immediately on the foot wall there usually lies 
a soft clay 1 or 2 inches thick and made up of finely ground up mate- 
rial. The ore is in general a massive quartz, with sulphurets in 
entirely irregular distribution. Only rarely is a ribbon structure met 
with. Small druses and vugs with quartz crystals are common. Coarse 
gold is seldom seen. The fineness of the gold averages 810. The per- 
centage of sulphurets, varying greatly, may average 2J per cent. The 
sulphurets, consisting of prevailing pyrite with chalcopyrite and less 
galena and blende, are rich, containing an average of 7.5 ounces of gold 
and 5 ounces of silver. Hessite, or telluride of silver, and molybdenite 
have also been found. 

Nearly all of the quartz in the Nevada City mine is pay ore, ranging 
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from $10 to $50, BO that the stoped areas practically indicate all impor- 
taDt quartz bodies ou the vein. In the southern part of the mine there 
are four ore shoots up to 200 feet wide and dipping somewhat to the 
north on the plane of the vein. In the northern part the principal pay 
shoot lies to the north of the shaft and, though more irregular, still 
shows an indication of a northward trend. 

Beyond the Nevada City the Ural vein can be followed across the 
hill to Chapman's ranch, where it is said to have been exposed by a 
small shaft. It is probably continuous to the Coan mine, where the 
vein carries considerable chalcopyrite, and has been opened by an 
inclined prospect shaft. It here enters the aplite area and its outcrops 
are not satisfactorily exposed. 

It is thus certain that a large part of this vein from the Providence 
to the Kevada City follows the contact, and it is probable, according to 
tlie information available, that practically the whole vein between the 
points indicated follows it. Considering that the whole character of 
the vein indicates violent disturbance, the only reasonable explanation 
of this fact is that an overthrust fault has taken place along the vein, 
resulting in a displacement of at least 1,200 feet, measured along its dip. 
In other words, the hanging wall has moved up relatively, pushing 
the granodiorite over the slate and producing a wide zone of crush- 
ing and schistosity. This movement has chiefly been conflned between 
the Nevada City mine and the Providence. It appears that near the 
former mine the movement has been distributed on the branching seams 
and gradually decreased. A similar distribution of the movement has 
taken place in the Providence mine, and it is probable that the sharp 
bend in the granodiorite contact between the Providence and Cham- 
pion is due to movement on one of the cross seams. It is certainly a 
remarkable thing to find a large fault ending so suddenly. The rocks 
in the southern i)art of the Providence ground bear evidence of having 
been subjected to a great wrench. If these conclusions are correct, the 
Ural vein will soon be found to leave the contact and continue in gran- 
odiorite, for the fault can hardly have been much over 1,200 feet. This 
overthrust movement along the Merrifield and the Ural veins has evi- 
dently, between the Providence and tlie Nevada City mine, had the 
effect of pushing the contact westward a distance of from 800 to 1,000 
feet. While it is reasonably certain that an overthrust has occurred on 
both veins, the evidence in the case of the Merrifield veiii is more con- 
clusive than that from the Ural vein. 

JOHN BULL, SEVENTY-SIX, AND KIRKHAM VKIN8. 

The first two of these veins lie to the north of Coan's shaft, crossing 
Eush Creek. Some good ore is reported from a small j)ay shoot on the 
Seventy-six, while much low-grade ore is said to be found on John Bull. 
A 400-foot tunnel was run on this vein in 1866. The Kirkham has a 
very unusual northeasterly strike and a northwesterly dip of 60°. A 
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good pay shoot was discovered on this vein in 1895. The country rock 
is diorite, containing many little pegmatitic dikes. The mine is located 
near the line where that rock gradually changes and is more quartzose 
granodiorite. In the pay shoot, which appears to be about 200 feet long, 
the vein shows 2 to 3 feet of somewhat decomposed quartz, with per- 
haps 2 per cent of sulphurets. The quartz contains some chalcedonite. 
The walls are very distinct; a few inches of clay with polished and 
striated surface lies next to the vein. On account of deep surface 
decomposition, the Kirkham can not be traced far southwest, but traces 
of gold are said to be found all through the red soil on the southwest 
slope of the hill. 

THE SEAM BELT. 

From Deer Creek uj) toward Indian Flat, 700 to 1,500 feet to the west 
of the Ural vein, extends a belt along which the rock — contact meta- 
morphosed schist, amphibolite, and diorite — is extensively sheeted by a 
system of joints generally dipping west at an angle of 20*^ or less. 
This jointing may be seen near the slate ledge in the GOOfoot level in 
the Providence, and in the bluft* on which the Home shaft is located. 
At this latter place it is very distinct, especially in the schist on the 
east side. A dike of diabase appears to have been faulted by these 
joints, the hanging wall having moved upward relatively. There is 
also a less well indicated system of fissures dipping east. Again, in 
the hydraulic pit west of the Nevada City south shaft, the jointing is 
well shown in the perpendicular wall of softened micaceous schist, and 
another system of joints is nearly horizontal. 

On these seams a little quartz with very large amounts of coarse gold 
is often found. The hill to the west of the Nevada City mine, called 
Red Hill, from the deep, red, residual soil covering it, is honeycombed 
by little shafts and drifts on these little seams. While a dip to the 
west is most common, yet flat seams or seams dipping east are also met 
with. On the west side of the hill, near the contact of amphibolite and 
micaceous schist, the surface decomposition is very intense; it takes a 
practiced eye to follow the seams, scarcely marked in the soft red miiss 
of decomposed rock, and often containing concretions of limonite. 
Along many seams gold is found in large pieces and plates; in 1895 
two men are said to have panned out $3,000 in ten days from one of 
these seams. In the above-mentioned hydraulic pit a successful attempt 
has been made to wash by the hydraulic process the whole decomposed 
mass. There is an opinion current that these seams will in depth unite 
to a larger vein, but no good reason can be found to support such a view. 

The Black Ledge is a hard bench of micaceous schist on the west- 
ern side of Red Hill, carrying a little pyrite, the decomposed croppings 
of which are said to contain a little gold, probably, however, derived from 
narrow seams. 

The seams are found again on the hill west of the Wyoming mill, 
and in the continuation of this belt south of Deer Creek the Home and 
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tb« Cadmus minea are located. In the former several small reiua have 
been found, dipping nortliweat, sontbeast, and east at angles of 30° to 
40°, and some of them carrying coarse gold. At tbe Cadmus, the 
works of which were started* in 1895, there are also several veins, one 
of them up to 1 foot wide and dipping west. Some coarse gold lias 
been found on them. 



Though the great Ural vein can not be traced mucli farther than to 
tbe limits of the special sheets, there are to the west-northwest of the 
Coan shaft several veins, usually dipping east aud esteuding down 
toward the river. None of them follow the contacts, and, as the sketch, 
fig. 20, shows, they are inclosed in different kinds of rocks. The Oro 
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Fiuo is the most important, and is developed by a shaft 300 feet deep 
on tbe incline. The vein dips from 45° to 32°, and strikes nortb-nortb- 
west. The width is said to be about 2J feet, and there are three pay 
shoots, one north of the shaft, one at the shaft and 100 feet wide, aud 
finally one narrow but rich shoot sontL of the shaft. The northern 
part of the vein lies in granodtorite, while at the shaft it is in a granu- 
lar rock closely allied to a gabbro. There is a small amount of sal- 
phurets. The Yellow Diamond has a northwest strike and lies chiefly 
in amphibolitic schists, with serpentine not far away in the foot wall. 
Several smaller sho'tts of ore have been found on the Yellow Diamond. 
In one place the vein is cut and faulted by a steep cross fracture, strik- 
ing cast northeast. The Julia is a heavy, perpendicular, thus far barren 
vein; it lies in gabbro and carries some copper pyrite. The Forest 
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vein dips steeply to the southwest, lies also in gabbro, but near the 
pyroxenite, and has produced some quite high grade ore containing 
considerable azurite and malachite. The Dement and Etna are heavy 
veins, not developed to any extent, and lie-in diorite or gabbro near the 
granodiorite. They also carry chalcopyrite. The Dement can be 
traced a few hundred feet beyond the limits of the sketch, down on the 
steep slope toward the Yuba Kiver, but h^^s not been found as far down 
as the river. 

The Mount George lies on the headwaters of the main branch of Bush 
Creek, a short distance north of the main road to Newtown, 3 miles 
out from Nevada City. It is outside of the special sheets. On the 
property is a large vein of low-grade ore, striking slightly north of east 
and dipping about 62^ S. North of the vein, two flat seams have been 
found, containing a ferruginous quartz, dipping in toward the main 
vein, and some very rich pockets. The two shafts developing the prop- 
erty are less than 100 feet deep.^ The country rock is gabbro, forming 
the continuation of the Pleasant Flat diorite area. 



1 Twelfth Ann. Rept. State Mineralogist. 



CHAPTER XVT. 

DETAIIiEB r>E8CRIPTIOK8~(C0NTINUED). 

GRASS VALLEY DISTRICT. 

The veins of the Grass Valley district, though of great variety in 
dip and strike, show in their ores and structure a general similarity. 
The veins «are, as a rule, not wide, but the shoots carry high-grade ore. 
There is very little silver, the Omaha system alone carrying a notable 
quantity of that metal. Except in that same system, the amount of 
sulphurets is also below 3 per cent. Pyrite with a little galena, chalco- 
pyrite, and zincblende form the sulphurets. Only in the Osborne Hill 
system and in the Forest Spring veins is there any considerable quan- 
tity of arsenopyrite present. Coarse gold is very frequently met with 
in the veins. 

The Grass Valley veins may be classed in several groups or systems. 

THE IDAHO SYSTEM. 

The veins in this system, parallel to the great Orleans vein of Nevada 
City, have a strike ranging from east and west to west-northwest and 
east- northeast. The dip is usually steep, and may be either northerly 
or southerly ; in certain of the veins, however, flatter dips are observed. 
The veins are often of greater width than those to the south of Grass 
Valley, and carry but a small percentage of sulphurets. 

THE ALPHA, KENTUCKY, AND SPRING HILL VEINS. 

The Alpha and Kentucky are two parallel veins one-fourth of a mile 
northeast of the Maryland. The developments are slight, consisting of 
an incline shaft 300 feet deep; the shaft on the Alpha, which is higher 
up the hill to the west, is 200 feet deep on the incline. The dip is 30^ 
to 50^ to the north,and the vein strikes west-northwest. The veins are 
in serpentine, but a dike of diabase appears near Wolf Creek in the 
hanging wall of the Kentucky. In Raymond's Report for 1873 the 
Kentucky is credited with a production of $5,000, the ore averaging 
$17 per ton. 

The Spring Hill vein, about 1,500 feet north of the Maryland shaft, 
has been developed to only a slight extent by two inclines 200 and 300 
feet deep. It. is a strong, continuous vein, striking east- west, or in the 
western end west-southwest, so that if extended it would intersect 
the Eureka. The dip is 00° N. at its eastern end, changing to 30^ on 
the summit of the hill. The vein lies chiefly in serx)entine, but in its 
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western part there is in the foot wall a rather heavy dike-like masa of 
an extremely chloritio and altered diabase. The Spring Hill is ftom 2 
to 5 feet wide and contains a small amount of salphurets in fine dis- 
tribution. The ore is generally low-grade; though several smaller lots 
of high-grade ore were milled io 1870.' Some work was done on it 
in 1892 with eDconragiog results. 



This deposit is on the west side of the road from Grass Yalley to 
Nevada City, about one-half mile from the former. Jt has been idle 
for many years past, but was extensively worked tweuty years ago. 
It is said* to have yielded $500,000. It is developed by a shaft 551 
feet deep on the inclioe, and three levels run from the same. The vein, 



N.N.E 




throuEh St. Jubu shaft. 



which lies in serpentine, cau be traced for only 1,000 feet west of the 
road. The strike is parallel to that of the Idaho-Maryland, but the 
dip is 60'^ K. It is not, as often asserted, an extension of the vein just 
mentioned. The outcrops are remarkably strong, showing 3 feet or 
more of solid quartz. On the west it is said to continue up to the St. 
John, but there i» uot sufflciecit evidence to support this view. Some 
croppings show at the head of the gulcli in which the Cue is located, 
but it is not beyond doubt the jsiime vein. The ore is said to contain 
only 1 per cent of pyrite aad galena. The extent of the pay shoot is 
not known; it is reported to pitch to the west.^ 

■ Elgbth Ano. Rrpt State Mlnenloglat. 
' NsTidk Conntf Mlnios Keview. 
'Tsnth Aon. Bspt. SMte UluenJogKt. 
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Tliis property, which lies tliree-fourtha of a mile north of Grass Val- 
ley, was actively prospected in 1893 and 1894, but is at present closed 
down. The geological featores shown in the workinjfs are of great 
interest. At the point where the shaft is sunk some quartz appeared 
on the surface, bat 
no continuous vein 
could be traced. 
The shaft goes 
down to a depth of 
220 feet, dipping 
soatli at 70°, and 
from there on to 
the bottom at a 
depth of 600 feet it 
is nearly perpen- 
dicular. The ser- 
pentine of the snr- 
faceiBfouad to be >-<. ''-■f.i.>.sw.b.»,™..«»,„...m«™..f...fv 

replaced by porphyrite, traversed by seams of serpentine (fig. 21). 
In the bottom of the shaft the contact with the black clay-slate 
was unexpectedly struck, and on this contact a quartz vein, in 
one place nearly 10 feet thick. Drifting east the heavy body of quartz 
soon contracted, and the relations at the face of the drift are illustrated 
by fig. 22. Between the slate in the foot wall and the seqtentine in the 

banging wall lie 
SCRPENTJNS , '. */ '- '1,^ a few feet of 

slaty serpentine 
with stringersof 
quartz, the lat- 
ACKSHALT. ter eon taiuing 
some galena and 
\ free gold. West 

of the shaft the 
vein, or at least 
^ branch of it, 

goes in the clay-slate, but in a little crosscut in the foot wall it shows 
again the relatious illustrated in fig. 23, the serpentine resting on the 
clay-slate and separated from it by a polished seam and a small quartz 
vein. All these facts point strongly to the existence of an overthrust 
fault along the contact of slate and serpentine. In a long crosscut, 
showu in fig. 21, a number of seams were met with, almost forming a 
sheeting of the porphyrite, and most of these carry a little free gold, 
as shown by prospecting the crashed matter in the pan. 
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THE KUREKA-IDAHO-MARYLAND VEIN. 



The ore shoot of this iuteresting vein has been worked in the Eureka 
and the Idaho, and is at present exploited in the Maryland. The 
Eureka, on the western end of the vein, was located in 1851. The vein 
is indeed hero conspicuous by heavy outcrops on the surface; these 
outcrops were, however, very poor, and from 1857 to 1863 the ledge was 
worked only to a depth of 48 feet, much quartz, of low grade, being 
taken out. Finally, in 18G4, the vertical shaft was sunk to 100 feet and 
the main ore shoot encountered. On the Eureka ground the ore shoot 
was then successfully worked until 1873, when the yield began to 
decrease, and in 1877 the mine shut down after vain efforts to Und the 
continuation of the shoot to the west. The adjoining veins of Mobile 
and Eoannaise were also prospected toward the end, without success. 
The Eureka mine i^roduced a total of $5,700,000. Several years the 
mine produced from 10,000 to 12,000 tons of ore per month, running 
from $23 to $60 per ton, and averaging $28, at a cost of mining and mill- 
ing of $10 to $15 per ton. 

The Idaho mine, located in 1863, adjoiniiig the Eureka on the east, 
was worked but little until 1865; At that time a perpendicular shaft 
was started, striking the vein at a depth of 120 feet, but finding no 
good ore. In 1867 the shaft was sunk to 300 feet, at which depth the 
great pay shoot was found. From 1867 the same pay shoot was worked 
continuously until 1894, when the eastern limit of the Idaho ground 
was reached. The total output was $11,638,000, the tenor of the ore 
ranging from $12.76 to $35 per ton, probably averaging $20. The cost 
of extraction and treatment was from $8 to $10. The output in succes- 
sive years ranged from a minimum of $183,450 in 1871 to $1,010,600 in 
1873. From 1889 to 1892 it ranged from $480,000 down to $226,000. 
The combined production of the Eureka and Idaho is $17,338,000 in 
twenty-eight years. 

Developments. — The Eureka was developed by a shaft which in 1871 
had attained a depth of 725 feet on the incline, and which in the last 
years of operation was sunk to a depth of 1,200 feet. Below 600 feet, 
however, no good ore was found. The shaft was perpendicular to a 
depth of 317 feet, and then followed the pitch of the vein. The drifts 
extended across the width of the claim, a distance of 1,560 feet. The 
Idaho is developed by a shaft inclined about 70^ from the horizontal, 
and which attains a perpendicular depth of 976 feet. A short drift 
extends to the east on that level to the collar of an underground incline, 
running obliquely on the plane of the vein at an angle of about 40^ from 
the horizontal and attaining a total vertical depth of 2,180 feet, or an 
eleviation of 360 feet above the sea level. From this incline shaft the 
levels extend eastward to the end of the claim. The Maryland mine is 
working at present on the same pay shoot continuing eastward, using 
the old Idaho shaft for the exploitation. 

Outcrops and country rock. — The vein first appears in serpentine on 
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the Eureka gronnd as very strong croppmga of white, massive quartz. 
Toward the east, in the vicinity of the old Eareka shaft, indications of 
a cbloritic and decomposed diabase appear in the hanging wall; the 
outcrops are very much less prominent, and are not seen at all east of 
the Idabo- Maryland shaft. A diabase dike outcrops in Wolf Creek, in 
serpentine, about where the vein would be expected. At the Idaho 
shaft a cx>arse-grained nralite-gabbro appears in the hanging wall, but 
a short distance east of the shaft the vein must outcrop in serpentine. 
It probably continues in serpentine all the way up to beyond theMasIin 
shaft, bat until near that point no outcrops are visible; nothing definite 
can be seen on the hillside, which is covered by deep, red soil; it is 
possible that a diabase dike follows the vein here, too. At the Maaliu 
shaft, however, the croppings of white quartz in serpentine are distinct, 
and there can be little doubt that these represent the vein in question- 
A short distance beyond the Masliu shaft the line of the vein, if con- 
tinuing straight, would enter coarse, white gabbro, or it may bend a 
little southward and follow the line between serpentine and gabbro. 
The old Maryland 
shaft, 300 feet deep, 
was snnk southwest 
of the Maslin shaft t^i 
intercept the vein, ' ', 

but encountered ' , 

nothing but serpen- , 

tine. Three thousand •■ 

feet southeast of the 
Maslin shaft the 
Chevanue shaft is 
now being sunk in 
the serpentine to find 
the continuation of the vein; nothing but serpentine has thus far been 
met with, at a depth of a few hundred feet. A quarter of a mile farther 
southeast, near the Brunswick mill, the Chevaune tunnel, 1,200 feet long, 
wasdriveninanortheasterlydirectiou, but without result; the tunnel is 
in gabbro and serpentine. Small croppings, which may i)ossibly rejtre- 
sent the croppings of the Idaho-Maryland vein, have been found 650 feet 
north -north west of the Chevanue shaft, near the contact of serpentine 
and gabbro. Under ground, the vein lies, in many places at least, on the 
contact of diabase and serpentine, but sometimes the determination of 
formations is not ea.'^y without crosscntting in hanging aud foot walls. 
The average strike is H". 77° W., aud the dip is about 70° S., occasion- 
ally, however, flattening out to 50°. 

In the Eureka ground there are, according to Professor Silliman, two 
veins, separated by a mass or dike of greenstone 30 feet thick. The 
smaller of these veins, on the south, has never been worked. The main 
vein lies, as indicated by fig. 27,' between a serpentine foot wall and 

iC<>picKlfn)inUellvil]i.-Attww>d In PMUIpa'ii UlDlng ud MstaUorg; of Quid mod SUfer, Lendoo, 
UN. * 

17 GEOL, PT 2 15 




226 OOLO-QUARTZ VEINS OF NEVADA CITY AND GRASS VALLEY. 

a dike-like mass of diabase in the banging ^all. The rein is heavy, 
varyiag frmn a fev iaobes to 8 feet, and averaging 3 or 4 feet of toKd 
quartz. On ibe 300-AMt and 40l>-fi»ot levels in tb« Bnreka a bor&e of 
decmnpOBed diabas4 was met vltb, dividing the vein in two, as jlhis- 




lu eectloQ of MuTlsad Toil 

trated in flg. 24.' The dip for the flret 300 feet is 78°, which below 
decreases to C5° to 70°. This horse varies in thickness from a few 
inches to 6 feet, and is often flUed with quartz stringers, so that the 
whole mass may be mined. In a few localities both layers of quartz 
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come together in the width of the vein, without having the borse be- 
tween. In these cases there is a line of quarts crystals visible which 
fill the narrow cavity sometimes left.' On the lianging wall there is a 
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distinct clay selvage. Conceramg the weatern extensioa, Professor 
Sitliman makes ttie following statemeot (Bean's Directory, p. 233): 
"Tbe Eureka vein, going west, fanlts in the Whiting ground, and, bar- 
ing previously become almost vertical, has to the west of the fault a 
uortherly steep dip," 

lu the Idaho and Maryland miues the vein is equally well defined; 
the dip is from 73<^ to 65° S., and the strike very regular; the width 
ol' the ore — that is, of the quartz — probably averages 2^ feet. The ser- 
pentine is often well exposed in the foot wall, bat the diabase is not 
always distinct. Flaky, chloritic, or serpentinoid soft rock, filled with 
cnlcite and cubes of pyrite, ofteu forms the hanging wait; compara- 
ti\'ely fresh diabase was 
noted at the shaft in the 
seventh and fifteenth lev- 
els and at & few other 
places. A long crnsscat, 
startin g from the seventh 
level and extending 800 
feet in the hanging wall, 
begins in diabase ; 25 feet 
from the vein coarse 
gabhro begins to appear 
and continues for 200 
feet, mixed with what 
are probably dikes of dia- 
base; then southward to 
the face the crosscut is 
diabase, cut by seams in 
many directions, but not 
showing any distinct 
veins or mineralization. 
On the whole, the vein 
was very regular in width 
and character; in a few 
places it showed signs of 
splitting op, hut soon in- 
creased in strength again. Such places were found in 1875 below the 
800- foot level, when the hanging wall wen t down fiat and the ledge broke 
up in stringers; again in 1882 and 1883 the ore became poor on the 
1,100-foot level and the vein irregular; some distance east of the Mary- 
land line, on the 1,500-foot level, the vein splits in two parts, hut it has 
in every case been found beyond strong and reunited. The vein is fre- 
r|uently accompanied in the foot wall by a characteristic gangne of 
dolomitic rock, sometimes colored green by mariposite, which is to 
be regarded as a completely altered serpentine. These and other rocks 
frofh the Idaho- Maryland are described in detail in Chapter XI. Mr. 
Attwood states that this dolomite carries a little gold. 
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The ore. — Tbe ore coiieiBts ezolasively of the solid quartz Id the pay 
shoot, except when the adjoiniug country rock ia impregnated with 
quartz stringers, as sometimes happens. The chief value in the ore ia 
in tbe free gold, which as a rule is in fine distribution. Sometimes, how- 
ever, rich "specimen rock" is met with showing abundant coarse gold. 
The ore has varied, as stated, from $00 down to $10 and $13 per ton, 
bat an average would probably be about $20. It would appear aaif 
thewesternpartof the pay shoot were somewhat richer than the exten- 
sion toward the east. The gold is S48 fine; the amount of sulphurets 
is small, having varied from 1^ per ceTit in the Enrcka to three-fourths 
of 1 per cent and 2 per cent in the Idaho and Maryland. The valne of 
the concentrated sniphurets is about $100, sometimes reaching $400. 
The amount of silver in tbe sulphurets is small, being stated to be 1.6 




cents silver to $1 gold. The sulphurets consist of pyrite, chalcopyrite, 
and galena, with very little arsenopyrite and hardly any bleoda They 
contain a strong admixture of tellnrides, not observed, however, as 
separate minerals. The sulphurets are difficult to concentrate and to 
work. 

Structure of ore. — The ore is very frequently banded or ribboned. Si!- 
liman remarks on this banded structure in the Eureka and says that 
the joint surfaces are often coated with gold. A banded structure by 
arrangement of the pyrite in parallel streaks is also noted. Pis. XI and 
XII' show the structure of the Maryland vein. In PI. XI the ribbon 
structure is illustrated, due without much doubt to the sheeting of 
the vein subsequent to its formation. In PI. XII the vein consists of 
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solid white quartz with no indication of ribboning by sheeting or depo- 
sition. Fig. 25 shows on smaller scale the locality of which PI. XII 
is a part. Fig. 26 shows the structure of the vein at a place in the 
slope not far distant from the fifteenth level. 

Pay shoot. — The pay shoot of the Eureka-Idaho vein is one of the most 
remarkable known in vein geology. Its extent and character are shown 
in fig. 28. Over the whole shaded area it is safe to say that the vein 
averaged 2i feet of solid quartz. Outside of these limits the vein grew 
poor rapidly, and frequently closed down to a mere seam. A vein 2 
and 3 feet thick is, however, found in many places outside of the pay 
shoot, and the physical characteristics of the vein remain the same. 
Of the eighth level in the Eureka the superintendent stated that the 
walls were good and regular and 4 feet apart, but the vein was small and 
very poor. A small pay shoot was found in the deepest part of the 
Idaho shaft; it was followed for some distance, but eventually proved 
too small for successful exploitation. 

The principal pay shoot has thus been followed for almost a mile with 
an average dip of 15^ E. on the vein and an average width of 600 
feet. There is no reason why it should not continue for a long distance 
eastward, provided the vein does not enter the serpentine; if it does 
that the probability is that the vein will be found to split up in string- 
ers. The fact that over a large area the vein lies in the serpentine in 
the foot wall and in diabase in the hanging wall would lend some strength 
to the view that a considerable overthrust had taken place along it, 
for the contacts between different rocks are as a rule far from regular. 
While this is likely, it can not be said to be proved. 

THE SOUTH IDAHO VEIN. 

Located 2,000 feet south of the Idaho and parallel with it in strike 
and dip, this vein is developed by a tunnel on the east end and a shaft 
100 feet deep on the west. The vein lies in a peculiar mixture of dark- 
green diabase with coarse uralite-gabbro, in places sheared and serpen- 
tinized. the former probably forming a network of dikes in the latter. 
The zone of thermal alteration is wide, as evidenced by the bleached 
country rock greatly impregnated with calcite and pyrite, and some- 
times colored green by mariposite; seams with large cleavage pieces of 
reddish calcite also occur. In one case gold has been noted inclosed 
in calcite. On the foot wall was a distinct and rich stringer of quartz 
with coarse gold, galena, blende, and pyrites. At a depth of 60 feet 
this stringer extended out in the hanging wall and splintered up, the 
veinlets being rich in coarse gold, while the foot wall continued down. 

THE BRUNSWICK GROUP OF VEINS. 

To the southeast of the Idaho- Maryland is a group of parallel veins 
which evidently belong to the Idaho system, though the strike has 
turned more northwesterly. The Brunswick (also known as the English, 
or O'Connor), with a strike of N. 50° W. and a southwesterly dip 
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which down to 400 feet is 45°, then becoming 60°, and taaMy at GOO feet 
70°, was located ear]y and has been worked with rarying success for a 
long time, the npper levels coDtaioing some good ore shoots. For the 
last seven years the miue has been extensively prospected, and some 
good bunches of ore have recently been foand in the lowest leveL The 
mine is developed by a shaft 700 feet deep on the incline, and drifts 
extending 300 feet toward the west. The vein is contained in a chloritic 
Bcbist derived by dynamo-metamorphic processes fl-om a porphyrite- 
breccia, and intersects the strike of the schist at an acute angle. There 
are usually two well-deflned walls, 2 to 4 feet apart. The space between 
the walls is only locally wholly filled with massive quartz, being gen- 
erally occopied by soft cbloritic schists, extensively altered by hydro- 
thermal processes; the schists are either parallel to the walls or, as is 
frequently the case, broken and irregular; they contain streaks and 

ramified veins of 

^v \ii>t^/lllll massive quartz 

*"■" ."lU^-"!™"'" (^g_ 29), which 

sometimes in- 
crease in thick- 
ness and occnpy 
the whole space 
between the walls. 
East of the shaft 
the vein closes 
down to a mere 
seam. Free gold 
is rarely visible in 
the quartz, and 
the sulphnrets, 
■which generally are rich, consist of pyrite, chalcopyrite, and galena. 

The Qold Point is a vein parallel with and south of the Brunswick. 
The heavy croppings, dipping 70° 9,, can be traced for over 2,000 feet. 
It is opened by a tunnel from Wolf Creek connecting with inclines from 
above. To the west of the tnnnel the vein is very heavy and contains 
large masses of low-grade ore. The country rock is a schif tose por- 
phyritic breccia, less chloritic than that of the Brnnswick. 

The Union vein, the croppings of which are visible in places on the 
north bank of Wolf Creek, is one of the earliest- located veins in Orass 
Valley. The ore was worked with an arrastra np to 1854. In 1805 
mill and hoisting works were erected, and the mine was worked with 
profit until 1870. The total product is given as 4250,000. From January 
1 to August 1, 1869, the mine produced 7,200 tons, yielding 175,569, or 
about 110 per ton. The vein, which is continued in schistose porphy- 
ritic breccia, dips 50° 3. and has been developed by a shaft 268 feet 
deep on the incline. The width is said to be considerable, averaging 
3} feet. The extent of the stopes is shown on fig. 30, taken from 
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Raymond's Beport for 1866-70. The gold is 823 flue. Galena is said to 
predominate in the sulpharets. 

Ute Cambridge vtin is located on the aonth side of Wcdf Greek. The 
Lncky and the Cambridge mines vere located on this vein and worked 
extensively abont 1865 to 1S68. The Lucky mine, on the vest, bad a 
15-Btamp mill and was exploited by a shaft 400 ftet deep on the incline, 
10,000 tODS of ore being extracted Svom 1805 to 1S67. The Cambridge, 
adjoining on the east, was opened by a shaft 200 feet deep, and a 10- 
stamp mill was erected od the property; ?fl tons of ore per week were 
crashed for a long time, averaging $20 per too (Bean's Directory). The 
vein lies in chloritio schist, dips 50° SW,, and is generally vide, 
averaging 2 to 3 feet. According to Professor Silliman, free gold is 
rarely visible in the ore. If these reports are eorrect,tbisvein, aa well 
as the Union, may be rendered productive again. The gold Is fiom 817 
to 820 flue. 




Fia. 30.— LongituiUgsl sMtloD. Unlau ElU id 

The Franc/ort vein, about 800 feet south of the Cambridge, is said to 
have produced some good ore A-om the croppfngs. 

THE CROWN' POINT VBUf. 

This deposit, located on the south side of Wolf Creek, half a mile 
east of the center of the city, has been worked at intervals since 1886. 
The production is stated to have been $130,000, of which $80,000 was 
found in one bunch of ore with much coarse gold. The shaft is 400 
feet deep on the incline, with levels extending east and west, only the 
upper two levels being accessible in 1894. The vein, which strikes 
northwest and dips 70° to 80° N., lies in serpentine or serpentinized 
porphyrites, the width of quartz and vein matter varying from a few 
inches to 4 feet, Tliere are considerable amounts of magnesic and 
calcic carbonates i)rodnced from the serpentine by thermal alteration. 
A thin sheet of quartz, still adhering to the foot wall near the shaft 
in the drift, shows beautiful i>olish, with nearly horizontal striation ; in 
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Other places the striation in the foot wall is parallel with the dip. The 
serpentine of the hanging wall is filled with carbonates and pyrite; 
the ore carries coarse gold and 3 per cent of snlphurets. 

The New Eareka shaft, 500 feet deep, was sank about 1888, 900 feet 
northwest of the Crown Point shaft, to find the extension of the Crown 
Point vein. The shaft is inclined 80° 'N. down to 121 feet, and from 
that depth is vertical. The upper part of the shaft was in black slate 
and sandstone, changing at a depth of 150 feet to chloritic and seri>en- 
tinoid rocks derived from porphyrite and diabase. Highly mineralized 
zones, rich in pyrite, and with some quartz, were met with at a depth 
of about 200 feet, but no well-defined vein. 

A 20- foot crosscut to the north from the 200-foot level on the Crown 
Point has intersected a mineralized zone along a fissure dipping in part 
north, in part south, at steep angles. Along this fissure the country 
rock is chiefly serpentine, but black siliceous slates are also met with, 
usually highly impregnated with pyrrhotite. The ore is most unusual 
in character, differing gieatly from the ordinary quartz veins, and con- 
sisting chiefly of calcite, pyrrhotite, chalcopjnrite, with some ordinary 
pyrite; the snlphurets occur as heavy masses 6 to 6 inches thick along 
the vein, and a sample assayed by Prof. Charles E. Munroe contained 
17.5 ounces of gold and 12 ounces of silver per ton, no free gold being 
visible. Pyrrhotite impregnates the country rock in the vicinity, and 
bronze-colored slickensides of it are seen along the vein. 

THE BADGER HILL VEIN. 

The Badger Hill vein, on the South Fork of Wolf Creek, 2,000 feet 
southwest of the Crown Point, does not crop plainly on the surface; it 
is said to dip to the north under the railroad ; no work has been done 
on it for a long time. The shaft is said to be 500 feet deei), with 
extensive drifts; the vein spotted, but in places carrying very rich 
specimens. 

Within this area occupied by the veins of the Idaho system there 
are very few veins with a north-south strike. The Morehouse, 2,000 
feet west of the Maryland, dips E. 36°; it has not been shown to con- 
tain much of value. The Washington vein, 1 J miles above the Mary- 
land, on Wolf Creek, has been opened to a depth of about 300 feet, and 
is said to " show well in snlphurets and contain 3 to 4 feet of quartz.''* 

THE IMPERIAL VEINS. 

About 2 miles north-northwest of Grass Valley, on both sides of 
Deer Creek, there is a series of strong veins with a west-northwest 
strike, and closely parallel to the Idaho and Orleans veins. The veins 
are inclosed in gabbro or in serpentine. The principal one is the 
Imperial, cropping in light-colored coarse gabbro on the north bank of 
Deer Creek. Work on this mine was prosecuted in 1883 and 1884, 

> Mint Report, 1881. 
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when a shaft 280 feet deep on the incline was sunk and drifts extended 
east and west 350 feet. The vein is ^om 3 to 8 feet wide, showing 
some galena and free gold. This vein continues, with a slightly more 
northwesterly strike, toward Newtown. 

THE VEINS OF GOLD HILL, MASSACHUSETTS HILL, AND VICINITY. 

The veins in this locality, within the city limits of Grass Valley or a 
short distance to the southwest of them, were the earliest worked in 
this district, though but little work has been done on them in recent 
years. They are, in general, characterized by small width but rich ore, 
with frequently coarse gold. The sulphurets are subordinate both in 
quantity and quality. The strike is to the north, with variations to 
the east and west; the dip at angles of 20^ to 40° either to the east or 
to the west. The veins lie either in grauodiorite, porphyrite, or dia- 
base, the latter two rocks being connected by transition. A strong 
sheeting of the country rock is sometimes apparent, as, for instance, in 
the western part of Main street, where the joints of the grauodiorite 
dip to the west at 30^; this is illustrated in PI. Ill, p. 104. l^ear the 
Larimer mine, on Wolf Creek, a strong sheeting, dipping 15° E., is 
developed in the diabase. The fissures of the veins are without doubt 
closely related to this sheeting and produced by the same force. 

THK GOLD HILI^ ROCKY BAR \^IN. 

Located earliest of all the veins in this district, this vein has been 
worked extensively, though to no great depth, along a distance of 3,000 
feet. The northern part has been opened by a number of vertical 
shafts to a depth of 100 to 200 feet. This northern part of the vein 
was worked nearly continuously from 1850 up to 18G7, and is thought 
to have yielded $4,000,000 during that time. Between 1890 and 1893 
the mine was opened again from the Gold Hill shaft, 550 feet deep on 
the incline, the vein dipping 28° E. Levels are turned at 290 and 
540 feet, the lower extending 350 feet north and 500 feet south. It is 
expected that the mine will soon be reopened. 

The vein crops in diabase, but all the lower workings are said to be 
in granodiorite. The strike of the vein, though very irregular, is north 
and south, and the dip 28^ B. The upper i>ortion, near the crop- 
pings, is, however, in places much flatter, and the whole hill slope is 
completely honeycombed by drifts and shafts. The Gold Hill vein is 
very irregular in width, varying from a mere seam up to 6 feet, the 
average being said to be 2 feet. At 275 feet south of the shaft the 
vein is said to have been cut off by a fault fissure, striking northwest 
and containing no ore. The hanging wall of the Gold Hill is strongly 
impregnated with pyrite. The vein is characterized by irregular pay 
shoots, at places being almost entirely barren, while in other places 
large i)ockets of coarse gold occur.^ North of the Gold Hill shaft the 
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vein is said to split, one branch extending north and the other north- 
east. It is impossible to verify this at present, the-onterops not being 
recognizable. The gold is from 850 to d7t) fine. 

The Massachusetts Hill vein, worked by the old Eocky Bar deep 
shaft, is, beyond much doubt, on the same fissure as the Gold Hill. It 
was worked with short interruptions between 1850 and 1860. In 1864 
and 1865 1,000 tons of ore per month we^B extiatcted for a long time, and 
this part of the vein is reported ^ have yielded $3,000,000, which, if 
the reports are reliable, would make $7^000,0^ for the whole vein. The 
Bocky Bar shaft was sunk perpendicularly to strike the vein, and then 
followed the dip of the latter; a total perpendicular depth of 300 feet 
was attained. An aggregate of 2 miles of drifts is said to have been 
run from the shaft. In 1895, after a long period of quiescence, the vein 
was again opened up by a shaft in the same locality. There is but little 
information available as to the character of the ore and pay shoots. 
The latter are, however, reported to be more regular than on the Gold 
Hill vein. The vein crops in diabase, and only that rock has been 
struck in the deepest workings, as attested by the dumps, but eventu- 
ally it will be found to enter the granodiorite. The gold is 855 fine. 

THK SHANGHAI VEINS. 

The two Shanghai veins lie from 200 to 400 feet west of the Bocky 
Bar, and have been opened by small perpendicular shafts. A consider- 
able amount of rich ore has been taken from them. The gold is 860 fine. 

THE BLACK LEDGE. 

This vein, traceable on the surface by shafts and prospect holes, 
begins a short distance south of the Shanghai vei^s and dips to the west 
at angles from 60^ to 30^. It has been worked only to a small depth^ 
but is said to have produced $75,000 in the e£M*ly days.. The Hud^n 
Bay shaft was sunk,, in 1892, to a perpendicular depth of 185 feet to 
intercept the vein. At 140 ffeet two fle^t stringers were found containing 
coarse gold, and at the junction of these stringers with the main vein 
the quartz was also rich. Some of the gold occurs as big leaves inclosed 
in a brown opal. The main ledge is wavy and irregular in strike; the 
narrow pay shoots dip to the south on the plane of the vein. 

THE CINCINNATI HILL, SCOTIA, AND TWILIGHT CVA1M$. 

The Oincinnati Hill is also a parallel vein lying half a mile west of the 
Oold Hill. It has been worked on a small scale off and con since 1850^ 
and the principal explorations were madie at the north end. The Scotia 
shaft was sunk in 1881 on a small vein to a depth of 300 feet, but nothing 
of value was found. On the Twilight claim severt^l eim^U veins are 
found, dipping east, parallel to the Eocky Bar. There are also in this 
vicinity several veins with a northerly to north-northe^terly strike 
and westerly dip. 

THE PEABODY VEIN. 

Located just outside the city limits, this vein, whose outcrops can 
not now be traced on the surface, has been worked at various times. 
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the last time from 1890 to 1893. The northern shaft, which is the 
deepest, has been sank 400 feet on the incline; the upper levels are 
connected with the old shaft. The vein, which dips SS^ W., lies partly 
in granodiorite, partly in nralite-diabase. The width is said to be 18 
inches on the average. The qnartz of the vein contains extremely 
heavy and coarse gold in irregnlar shoots. 

THE JERfiSY BLUB AND HBRM08A VEINS. 

These veins, located near the Watt Park, strike to the northeast and 
dip northwest at augles fVom 20^ to 35^, the country rock being uralite- 
diabase. The latter mine is opened by a shaft 600 feet deep on the 
incliue. The vein is said to be from 2 to 2^ feet in width, and the 
quartz contaihs some pyrite and galena. The work was chiefly done 
in 1802. In the following year the mine was shut down, the OTe shoots 
not having come up to exi)ectations. 

THE DROMBDARY-ORAXITE HILL VEIN. 

This long vein crops in granodiorite on the east side of Wolf Creek,, 
chiefly within the city limits, and is nearly parallel to the Gold Hill 
vein, though dippiug in an opposite direction. The two veins will 
clearly intersect at no great depth. At its northerly end the vein 
forks, the western branch turning north>nortbwest through the city, 
and is here known as the Bock Eoche vein ; it is narrow, but some rich 
specimens are said to have been found in the croppings. South of this 
it is known as the Dromedary, and has been worked at various times. 
The vein was worked in the early fifties; again in 1863 good ore was 
taken out; from 1868 to 1873 it was worked with varying success by 
the Dromedary Company, which erected pumping and hoisting works 
and a 10-stamp mill. The vein is said to be from 1 to 4 feet wide, and 
has furnished considerable quantities of ore containing coarse gold and 
running from $30 to $60 per ton. The next claim is known as the 
Wyoming, on which in recent years a shaft has been sunk 280 feet on 
the incline and some high-grade ore extracted. The sulphurets are 
said to be very rich, containing $300 per ton. South of the Wyoming 
the vein is known as the Crandall, and has been worked by means of 
tunnels from Wolf Creek. 

South of this again is the Granite Hill mine, in all probability on the 
same vein. The Granite Hill is developed by a shaft 600 feet deep on 
the incline, with drifts extended on the third and fourth levels to a 
maximum distance of 200 feet. Eich ore was found along the outcrops 
in 1850. In 1870 the mine was worked to some extent, and again opened 
in 1892 and 1803. The croppings are in granodiorite, but at the third 
level the vein cuts across the contact into diabase without any notable 
change. The fourth level is entirely in diabase. A dike of granite- 
porphyry was noted south of the shaft on this level. The vein, which 
dips from 150 to 30O W., is small, sometimes closing down to a mere 
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seam, as in the third and fourth levels south, then again opening np and 
containing 1 or 1^ feet of quartz. The foot wall is well defined, the 
hang^g being more irregular. Fresh country rock often comes close 
to the vein. The ore in the upper levels was of a generally poor charac- 
ter, but in the fourth level north a pay shoot was struck, running up to 
a i)oint between the fourth and third levels. The ore is high-grade, 
ranging up to $50 jyer ton. Sulphurets are very abundant, consisting 
chiefly of pyrite, yellow or brown zincblende, and very little galena. 
The gold is frequently coarse, in leaves and masses adhering to the 
quartz crystals, and often noted to be associated with the blende. The 
concentrated sulphurets are not of high grade, containing only about 
$60 per ton. The quartz is often crystallized, comb structure being very 
common, and the whole vein sometimes filled with loose bunches of 
milk-white crystals, often radiating from a fragment of country rock, 
partly replaced by pyrite. In the more compact parts of the vein 
druses with crystals are of common occurrence. 

The Dromedary-Granite Hill vein appears to contain more sulphurets 
than the diabase veins. 

THE ROSE HILL VEIN. 

The Rose Hill vein adjoins the Dromedary on the east, but dips in the 
opposite direction. This vein is reported to have yielded $100,000, and 
a few years ago $7,000 in specimens was taken out within a small space. 
Recently the mine has been reopened. The shaft is 122 feet deep on the 
incline. The vein is from 4 to 15 inches wide. 

THE VEINS IN THE VICINITY OP NEW YORK HLLL AND NORTH STAB. 

From the Hudson Bay shaft southward for a distance of 3,000 feet 
the diabase is cut by an extensive system of flat veins. The outcrops 
form wavy. Irregular lines, and some of the veins are practically hori- 
zontal. In general the strike is east and west and the dip either to 
the north or, more rarely, toward the south, ^he veins are narrow, 
but frequently very rich ; the pay shoots are extensive and fairly regu- 
lar. The percentage of sulphurets, consisting chiefly of pyrite and 
galena, is small, and the gold is of unusually high value. 

The red soil is deep all over this hill and the outcrops are, as a rule, 
only traceable by means of the old pits and shafts. On account of the 
flat dip of the veins vertical shafts have here been extensively used 
for exploitation. 

THE EMMET AND IRISH AMERICAN VBINS. 

The croppings of these extend in curved lines a short distance south 
of the Hudson Bay shaft. The Emmet dips south at 45^ and the Irish 
American to the northeast at 35°. The Granger shaft, sunk to a depth 
of 200 feet perpendicularly, intersects the Emmet in the bottom, having 
penetrated the Irish American above. 
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THE NEW YORK HILL VEIN. 

This vein extends with irregular oatcrops southeast fipom theChevanne 
shaft, passing south of the New York Hill shaft, where the surface crop- 
pings are strong, and thence, largely due to the steep slope of the hill, 
pursues an easterly direction and is believed to extend down to Wolf 
Creek. The strike is on the whole west-northwesterly, and the vein 
belongs without much doubt to the North Star system of east-west 
veins. The vein has been worked from the Chevanne shaft 550 feet 
deep on the incline, as shown by PI. XXII, but the principal work has 
been done on the New York Hill ground. Located very early, the 
New York Hill is estimated to have produced $500,000 between 1852 
and 1865. In 1866 and 1867 the mine produced $106,430 from 2,189 
tons, yielding $49 per ton. The mine was then closed for several years, 
until 1874, when it was opened by means of a tunnel from Wolf Creek, 
From September, 1874, to October, 1875, the mine produced $100,000, 
the yield being at the rate of from $28 to $49 per ton. It is to be 
regretted that no maps are available illustrating the occurrence of 
these rich ore bodies. The mine was in successful operation up to 
1883, at which time the shaft was opened to a depth of 1,300 feet on 
the incline, and 13 levels turned, with drifts from 100 to 1,000 feet long. 
The average of the ore in 1882 is given as $25 per ton. The mine shut 
down about 1885 and has since remained idle. 

The vein is from 8 inches to 2 feet wide, encased in hard rock ; the 
dip of the shaft is 33^ NE. The percentage of sulphurets varies from 
2 to 3, and the value between $80 and $100. Coarse specimen gold is 
of frequent occurrence. 

THE NEW ROCKY BAR VEIN. 

The workings on this interesting vein are fully shown on PI. XXII, 
the mine having been in operation between 1880 and 1885. The sec- 
tions show the existence of two flat veins dipping north and south and 
meeting in a curved anticlinal. A better illustration of the contem- 
poraneous character of the two fissure systems could hardly be ob- 
tained. The New Rocky Bar produced large quantities of extremely 
coarse gold in 1880 and 1882, much of it being sold for the manufac- 
ture of jewelry. No data are available as to the production. The very 
flat "top vein" shown in the section has been worked through numer- 
ous small perpendicular shafts, and found in places to be very pro- 
ductive in coarse gold. 

THE BOWERY VEIN. 

A shaft a few hundred feet deep has been sunk on this vein, which 
is parallel to the North Star, and outcrops 600 feet north of it. The 
shaft is 900 feet east-northeast of the North Star shaft. The vein is 
credited with a production of $3,700 in 1869 (Raymond's reports), and 
about 1866 300 tons were extracted, yielding $15 per ton. The vein 
averages 20 inches wide (Bean's Directory). 
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THE INKERMAN VEIN. 

This deposit, which extends a short distance south of the Korth 
Star, is not developed to any extent. It was oi)ened in 1865 by a ver- 
tical shaft 60 feet deep and a tunnel 400 feet long; the vein, which 
averages 12 inches in width, has produced some beautiful specimens 
(Bean's Directory). 

THE LAMARQUE VEIN. 

The Lamarque lies about 600 feet south of the North Star and dips 
to the south. The vein was worked with profit for several years, but 
has been idle lately, until in the end of 1894, when it was opened again 
and yielded some ore averaging $20 per ton.^ 

THE NORTH STAR VEIN. 

History, — The North Star vein, one of the most celebrated of the 
Grass Valley deposits, was discovered in 1851, and worked to some 
extent up to 1857, yielding $250,000, according to Bean's Directory. 
It was known in early days as the Helvetia and Lafayette, and Blake 
describes it under this name in 1853. In 1860 the name was changed 
to North Star, and it was extensively worked up to 1874, when it was 
shut down and believed to be worked out. During this period it pro- 
duced a large amount, frequently hoisting 600 tons per month. In 
1860 it yielded at the rate of $24,000 per month; in 1869 it produced 
$330,000; in 1870, $167,400; in 1873, $150,000; and the total product, 
1860 to 1874, is probably not less than $2,600,000. After ten years of 
quiescence the mine was reopened, in 1884, and it has been worked 
continuously since. In the continuation of the shoot richer ore was 
met with than in the upper levels, and the production for the last years 
has been as follows: 1889, $413,200; 1890, $196,300; 1891, $266,000; 
1892, $235,400; 1893, $335,760. The production for the last ten years 
amounts to between $2,000,000 and $2,500,000. The total production 
of the vein is thus not less than $5,000,000. In 1894, owing to reasons 
ex])lained below, there was a great decrease in the production, and the 
mine has in the last year worked chiefly remaining ore bodies in the 
upper levels. 

Developments, — The shaft, following the vein on the incline, has 
attained a length of 2,400 feet, with a vertical depth of 840 feet. The 
extent of the levels, as well as the direction of the shaft, is shown on 
PI. XXIII. There is a 40-8tamp mill on the property. 

Country rock. — The vein is inclosed in a dark-green, fine-grained rock 
of often chloritic aspect. It is in places porphyritic by the develop- 
ment of small feldspar crystals, and ranges in composition from a 
uralite-diabase to a uralite-porphyrite, the augite being rarely pre- 
served. Orains of pyrite, pyrrhotite, and copper pyrite occur in the 
rock. Only toward the west is there any indication of change in 
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the country rock, %a more fally explained below. The outcrops of the 
vein can be traced by means of the numerous little shafts on the hill 
to the east of the mine, for a distance of one-fourth of a mile. In the 
eastern part of the outcrops there are indications of a i>arallel vein, 
which is said to join the main vein at a depth of a few hundred feet. 

As shown by the levels, the general strike of the vein is from west- 
northwest to norUiwesty but with many local irregularities. The dip is 
shown by the profile on the plate, and will average 20^^ varying from 
150 to 450. The structure of the vein is well illustrated by the excel- 
lent photographs taken by Mr. E. A. Abadie, superintendent of the 
mine (Pis. XIII and XIV). The vein usually shows well-defined, smooth 
hanging and foot walls, 3 to 4 feet apart. The space between these 
walls i» rarely if ever completely filled with quartz; a large part of it 
is occupied by crushed and altered country rock, and a quartz vein may 
lie at the hanging wall (as in PI. XIII), in the foot wali, or, in fact, at 
any place between the walls. The width of the quartz does not aver- 
age more than 1 foot. In places, as illustrated by PI. XIY, the ^>ace 
between the walls meky be practically occupied by a breccia of quartz 
and altered country rock. In many places within the pay shoot the 
walls close down to a mere seam, as, for instance, on the 2,000-foot level. 
Outside of the walls the diabase is but little altered by vein solution, 
and is often fresh and hard up to the vein. The crushed rock within 
the walls is greatly altered, as a rule being impregnated with pyrite 
and to a great extent replaced by carbonates and sericite, as shown by 
analysis and description on pages 149, 152. The rock below the quartz 
vein in PI. XIII is entirely similar to the specimen analyzed, and the 
great number of veinlets shown by t^e photograph in the rock are all 
filled with carbonates, though no carbonate is contained in the main 
vein. A striation, horizontal or dipping slightly west, is frequently 
noticed on the walla. Banded structure of the quaiiiz by arrangement 
of the sulphnrets, as well as a sheeting due to subsequent dislocation, 
is quite common. Frequently, however, the quartz is massive and the 
sulphnrets are irregularly distributed. Comb structure is apparently 
rare. ^ 

The ore. — The pay is almost exclusively contained in the massive 
quartz with sulphnrets. The altered country rock between the walls 
contains up to a few dollars' worth of gold and is occasionally milled. 
The concentrated pyrite in the altered country rock contains only $15 
in gold. The quartz in the pay shoot, nearly all b^ng good ore, con- 
tains from $15 to $50 per ton, with but v«ry little silver. Coarse gold 
in leafs or in bands through l^e quartz parallel to the walls occurs in 
places. The gold is unusually fine, reaching 850, The average yield 
previous to 1875 was $20, and between 1884 and 1894 the quartz seems 
to have had a higher average grade. The quartz from the cropping 
was very rich, and Professor Blake records in 1853 that much coarse 
gold occurred, and that 130 tons of quartz milled $92 per ton. The 
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qiiartz contains about 2| per cent of salphurets, consisting chiefly of 
pyrite with a little galena and hardly anything else. (For analysis, see 
p. 128.) The concentrated sulphnrets ran from $60 up to $120, and 
contain silver in the ratio of 0.40 ounce to 1 ounce gold. The value of 
the concentrates varies with the richness of the ore. 

Ore shoot — The extent of the ore shoot is well shown on PL XXIII, 
and it will be noticed that it dips to the west on the plane of the vein. 
Of course the whole area explored has not been equally productive, the 
richest portion probably being that below the twelfth level, and some 
levels are entirely unproductive, but considered as a whole the ore 
shoot is indicated by the workings. 

Faults. — According to Mr. Abadie, a cross seam, striking northeast 
and dipping steep toward the southeast, faults the vein considerably on 
the seventeenth level; above this the faulting is said not to be notice- 
able. The fault continues, though with smaller throw, on the lower 
levels; on the twenty- first level it is very distinct, and the throw 
amounts to IG to 18 feet along the hade of the fault. The cross seam, 
which does not carry any quartz, would intersect the shaft a little 
below the twenty-fourth level. To the west of the shaft the pay shoot 
has been found to end abruptly along a vertical plane laid almost due 
north through the collar of the shaft, and it has been supposed that 
the vein has been cut off by a fault, usually referred to a« a crossing. 
There appears to be some diflficulty about the proper interpretation of 
the facts at this place. In the eighteenth level there are, indeed, sev- 
eral planes, striking north and dipping about 50° W., which intersect 
the vein, and on the main one a horizontal striation appears. Before 
reaching this plane the vein splits; immediately at the plane there is 
no direct evidence of any great fault. West of the *' crossing" the 
vein is replaced by a single seam without quartz; this was followed for 
some distance, and finally cross cuts started in hanging and foot walls. 
In the hanging more solid rock was met, but in the foot wall there was 
found a series of seams all dipping north in the crushed and altered 
diabase. It appears very much as if the vein along the line of the 
crossing had split up into a series of stringers an^ seams. 

On the surface a short distance west of the shaft the sedimentary 
rocks appear, the contact running north; these clay-slates and cherts 
had not, at the time of my visits to the mine, been encountered in the 
eighteenth level, from which it follows that the contact must dip west 
parallel to the cross seam mentioned. It is very likely that the change 
in formation a short distance westward may, as Mr. H. C. Hoover 
thinks,* have caused the breaking up of the vein. The vein may appear 
again to the west, though the sedimentary rocks are less favorable than 
the diabase for a well-defined fissure; or a continuation of the pay 
shoot may be found in depth, the latter alternative having more 
probability. 



MiuiDg and Scientific Press, March. 1896. 



'Ot-^Vi Norl4i SVar Shi 




P Of UNOERGROOMO WORKS OF NORTH STAR MINE. 



LiNiKiBEN] GBAISS VALLEY DISTRICT. 241 

THE CENTRAL NORTH STAR. 

Considerable prospecting has been done toward the east to find the 
continuation of the North Star vein, and two shafts, indicated on the 
map, were sunk on the Central North Star claim. The upper shaft, 
200 feet deep, struck at that depth a pretty large barren vein dipping 
north. The lower shaft is started at an angle of 52^ from the hori- 
zontal and in a direction N. 35° W., following down a crushed zone 
with pyritic impregnation, but no quartz. At 400 feet a vein was 
struck, dipping 35° NE., and striking northwest. The rock, a normal 
diabase, is hard and fresh close to the vein. This vein, which is up to 
1 foot wide, shows in places good prospects. It is of course diflBcult 
to decide whether these veins really are the continuation of the North 
Star fissure. 

THE OMAHA SYSTEM. 

Beginning at the Omaha mine and extending down the west side of 
Wolf Creek for over a mile is a series of parallel veins having many 
common features. They all dip to the west at moderate angles; all of 
them are inclosed in granodioritej and most, if not all of them, are dis- 
tinguished by rather abundant sulphurets and a percentage of silver 
in the sulphurets in excess of the usual amount. 

THE OMAHA VEIN. 

This vein is the most prominent in the system and is traceable for a 
distance of 4,500 feet, the most northerly outcrops appearing on the 
east side of Wolf Creek a short distance north of the Omaha mine, and 
the most southerly a short distance east of the Surprise shaft. 

The Omaha and Lone Jack mines, — The Omaha and Lone Jack mines, 
worked by the same company, have for many years been heavy pro- 
ducers. The Lone Jack, located in 1855, had in 1867 a shaft 600 feet 
deep on the incline and was reported to have produced $500,000. The 
chief work on these mines was begun about 1875, and in the last years 
they have been steady producers. The total output is said to reach 
$2,000,000,^ and in the mint reports from 1889 to 1892 they are credited 
with from $105,000 to $118,000. The Omaha shaft has attained a depth 
of 1,500 feet on the incline; the Lone Jack, located 700 feet farther 
south, 1,600 feet; and they are connected by drifts on most levels. 
There is a 28stamp mill on the i)roperty. 

The vein, which on the surface has a regular strike, develops notable 
curves in the strike. The dip averages 33° W. The vein forms a nar- 
row fissure in hard granodiorite, occasionally sheeted in the vicinity 
of the vein. To the north of the Omaha shaft all drifts soon run into 
diabase. On the tenth level the diabase contact lies 20 feet south of 
the shaft. Diabase also appears at the shaft on the fourteenth level. 
Near the contact smaller dikes of white or gray, compact and flinty 
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graiiite-i)orphyry (quartz-porphyry) are met with. The vein is said 
to usually become poor when incased in this rock. The tenth level 
extends 1,000 feet northward, some good ore occurring in it in bunches, 
but farther in the vein is disturbed by crossings and shows signs of 
splitting up. 

The vein is narrow, i>robably averaging 1 foot, and lies between well- 
defined hanging and foot walls without much inclosed altered country 
rock. Outside of the pay shoots the vein generally closes to a seam, so 
that practically all quartz is good ore. The granodiorite next to the 
vein is impregnated with pyrite, but on the whole is unusually fresh and 
hard. Calcite occurs to only a limited extent in the wall or in the vein. 
There is very little banded or ribbon quartz, most of it being massive, 
with sulphurets in irregular distribution. The ore is of high grade, 




Fio. 31.— Vertical section along shaft, Omaha vein. 

ranging from $20 to 830, with abundant free gold 825 to 845 fine, some- 
times coarse, inclosed in quartz, galena, or pyrite; it contains 4 per 
cent of sulphurets, chiefly consisting of pyrite and galena, with very 
little blende or chaleoi>yrite. The assay value of the concentrates varies 
gre^itly, l>eing from f 60 up to $350. The proportion of silver in the 
sulphurets is great, being over 2 ounces of silver to 1 ounce of gold. 

Some pay has been found to the north of the Omaha shaft, but the 
l)rincipal pay shoot dips to the south, beginning at the upper part of the 
Omaha shaft and extending toward the bottom of the Lone Jack. Very 
rich ore was extracted from this shoot in 1894 on the fourteenth level. 
Another pay shoot, also dipping south, has been found south of the Lone 
Jack. A strong "crossing" or barren fissure traverses the vein along 
the principal pay shoot, with a steep dip to the south. It does not seem 
to affect the tenor of the ore. On the twelfth level the vein is faulted 
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about 1 foot by this crossing, with a relative downthrow of tlie south 
side, and on the fourteenth level the curious rehition illustrated in tig. 
32 obtains at the crossing, showing a differential movement of the 
sheets constituting the crossing. A similar cross seam, faulting and 
dragging the vein, is found at the end of the tenth level north. 

The Homeward Bound mine lies to the south of the Lone Jack. Only 
superficial developments were made up to 1867, the vein having been 
worked along the surface for 200 feet. The shaft at present on the 
property has been sunk to a depth of 350 feet, the incasing rock being 
very hard. Two levels are turned at 165 and 268 feet from the surface, 
the drifts extending a maximum distance of 350 feet southward and 
750 feet northward, four distinct pay shoots having been found. The 
vein is said to be large. The mine was worked in 1889-90.^ 

The Hartery mine has worked two parallel veins. The old shaft is 
sunk on the southern end of the Omaha vein to a depth of 600 feet on 
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Fio. 32.— LoDgitudiDal section, Hhowing fault, Ouiaba mine, fourteeutb level. 

the incline. ''The vein, which was located in 1853, has been worked at 
intervals since that time, but not more than ten or twelve years of con- 
tinuous work has been spent on the property. Over $300,000 have been 
taken from the mine, some of the ore consisting of extremely rich speci- 
mens of coarse gold." ^ The mine was idle in 1893 and 1894. Produc- 
tions ranging from $19,000 to $39,000 are credited to the mine in the 
United States reports for 1869, 1890, and 1891. '* Three levels are 
turned, at 368, 508, and 600 feet, extending north a maximum distance 
of 300 feet and south 400 feet. A drain tunnel from Wolf Creek, 1,200 
feet long, intersects the shaft 250 feet from the collar." ^ 

The vein dips 30° W. and is inclosed in hard granodiorite; it aver- 
ages somewhat over a foot in width. The ore is of high grade, probably 
averaging about $30 per ton. The amount of sulphurets is said to be 
small and their value $50 per ton. In the mint reports of 1890 and 



1 Tenth Ann. Bept. State Mineralogist. 
'Neyada County Mining Heview. 
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1891 the mine is credited with a considerable amount of silver, the rela- 
tion being for the first year 1,635 ounces of gold and 871 ounces of 
silver. 

The Hartery Consolidated shaft is sunk to a depth of 500 feet on the 
incline, on a parallel vein a short distance east of the Omaha vein, but 
comparatively little development work has been done from it. The 
incasing granodiorite is reported to be very hard. 

TUE WISCONSIN-ILLINOIS VEIN. 

This is parallel to the Omaha vein, and crops a few hundred feet to 
the west. It was worked at its northern end from 1854 to 1856 and 
again from 1866 to 1870, during which time it produced a considerable 
amount of high-grade ore. In 1869 the old shaft was sunk to a depth 
of 500 feet on the incline, and the extent of the stopes is shown on 
^g. 33, copied from Eaymond's report for 1869-70, page 47. 

N S 




ISO 300 4.S OFT 

Scale. 
Fio. 33.— LoDgitudinal section, old WiscouftiD mine, showing areas atoped. 

In 1890 a new shaft was sunk on the vein 600 feet south of the old 
one; in 1894 a depth of 360 feet on the incline was attained, with levels 
turned at 125 and 225 feet, extending from 200 to 300 feet north and 
south. The vein dips W. 35^, is inclosed in hard granodiorite, some- 
times showing sheeting next to the vein. The width averages 1 foot 
and the ore is of high grade, averaging over $30 per ton. The sulphu- 
rets, of which 4 i)er cent are present, average $90 per ton, chiefly in gold, 
and consist of pyrite, with a little galena. The gold is 854 fine. In the 
old shaft there was an extensive pay shoot supposed to dip to the south, 
and the present shaft is sunk' to intercept that in depth. There are 
also two smaller pay shoots of high grade, one on each side of the new 
shaft. A cross seam cuts the new shaft without disturbing the vein 
perceptibly. 

THK MINNESOTA VEIN. 

The Minnesota vein, upon which the Surprise shaft was sunk long ago, 
may represent the southern continuation of the Wisconsin vein. 
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THE PH(ENIX-MARY ANN VKIN. 



Tbis vein, located 2,000 feet west of the Allisou liancli vein, dips west 
from 30O to 45o. At its southern end the Phoenix shaft has been sunk 
on it, from which in 1870 some ore yielding $20 per ton was extracted. 
The developments in the northern end of the vein are slight. 



THE ALLISON RANCH VEIN. 



The croppings of this vein, located about 3 miles south of Grass Val- 
ley, on the west bank of Wolf Creek, are quite inconspicuous and can 
not be traced either south or north of the shaft. The vein was acci- 
dentally discovered in 1854 by sluicing on the croppings. From that 
time up to 1866 the mine was worked continuously, producing 46,000 
tons of ore, yielding $2,400,000. In 1863 the mine became poor, but the 
following year rich quartz was again found. The product for the three 
years ending December 30, 1865, was $1,000,000, and $200,000 were pro- 
duced in 1866; the operations were suspended in September, 1866, and 
the mine has remained idle ever since. The shaft is sunk on the vein 
to a depth of 500 feet on the incline, the lowest level extending 220 feet 
north and 214 feet south. A portion of the quartz on this level was 
very rich, but the greater part was barren. There seems to have been 
no adequate reason for abandoning the mine without further explo- 
ration. The vein strikes N. 5° to 15° W., and dips 40o to 45'^ W. 
Phillips gives the width as 2^ feet, while Bean's Directory states it to 
have been from 14 to 18 inches in the lowest level, where the vein was 
in part considerably broken up. There is a clay parting on the hang- 
ing wall, while the f6ot wall is without any distinct clayey division 
from the quartz. Phillips states that the average yield on the lowest 
level was as good as that from the upper part of the mine. Near the 
surface the decomposed ore was extremely rich ; Mr. Melville Attwood 
milled 21 tons in 1855 which yielded $370 per ton.* The average of the 
ore from the deepest levels was also high. The quartz was in places 
extremely rich; between these bunches some quartz was found that 
would hardly pay expenses. There was a considerable percentage of 
sulphurets, chiefly pyrite, but also galena and chalcopyritej rich silver 
minerals were found in a specimen from the Allison Eanch vein (see 
p. 119).2 

While the Allison Eanch can not be traced far on the surface, there 
appears on the hill to the south several veins striking north-south and 
opened by small prospect holes. There is in places considerable sheet- 
ing of the granodiorite, the sheets dipping west. Large outcrops show 
on top of the hill south-southwest of the Allison Banch, and on the 
steep slope eastward are several small veins, showing some quartz with 
much pyrite. 



'Eighth Ann. Kept. State Mineralogist, p. 777. 

>Notes chiefly from Beau's DiriBotory, J. A. Phillips's Mining and Metallurgy of Gold and Silver, 
and Ross Brovme's report for 1868. 
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Almost due north of the Allison Kanch shaft, a diataoce of 1,500 feet, 
is the FraakliD vhid, on which in early days considerable work was done 
and a large mill oitce erected. 

The Allison Ranch Ford-Horseshoe vein is located on tlie west bank 
of Wolf Oreek and probably is a continuation of the Franklin or an 
adjoining parallel vein. The Horseshoe shaft is 3,500 feet north of 
the Allison Ranch and 240 feet deep on the incline. The vein is ftom 
10 to 20 inches thick. 

THE FOREST SPRING GROUP OP SINES, 

Four miles south of Grass Valley and 1^ miles south of Allison Ranch 
there is, on the east side of Wolf Creek, a series of veins of some 
importance.' The ores are similar to those of Osborne Hill. 



The N'orambagua was worked extensively between 1855 and 1 867. Its 
total production is said to amount to 4il,000,UOO (Bean's Directory). 




In 1866 the production was $30,000. The mine was reopened for a short 
time in 1892 and is credited with a production of (2,500 in that year. 
During the principal i>eriod of exploitation the cost of mining and 
milling was $30 per ton. This very high figure is evidently due to the 
niirrow character of the vein. The incline is 567 feet long down to 
Ihe fifth level, attaining a vertical depth of 120 feet at that level. The 
levels extend 1,000 feet south and 500 feet north from the shaft, and a 
drain tnuuel Joins the shaft 400 feet from the croppings. The Noram- 
bagua has a northerly strike and a dip of 15° E., thus belouging to 
another system than the Omaha, It is contained in a bloeky granodi- 
orite and is very narrow, rarely over 10 inches wide and more frequently 
4 or 5. The ore is a bluish quartz, seamed and banded with pyrite and 
arsenopyrite arranged in parallel zones, producing a ribbon-like struc 
ture. The gold is rarely visible to the naked eye. The tenor of the ore 
is fh>m $40 to $100 per ton, and frequently about $65 i>er ton (Phillips). 

>See lisoloaic Atlu o! the United SIbUl folio No. 18, Sciartavllle, C*l. 
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There are 1.33 per cent of siilpharets, accordiDg to Phillips. Bean's 
Directory gives 3 per cent. These are rather low grade, being said to 
average $50. 

Tlie Bourbon veins lie 500 feet west of the Norambagua, and the 
Shamrock 1,200 feet southeast of it. 

THE PKRRIN OR 8LATR LKDGE VEIN. 

For many years this vein has been worked intermittently and has 
been a considerable producer. In the reports it is credited with $32,000 
in 1869, $5,000 in 1890, and $13,100 in 1891. It was actively worked in 
1893 and 1894. The vein is opened by an incline shaft started in the 
tunnel from Wolf Creek, 900 feet from its mouth, the total length of the 
tunnel being 1 ,800 feet. The incline is sunk 300 feet on the vein, which 
strikes east and west and dips 30^ S. The country rock is chiefly dia- 
base with some clay-slate, but the vein crosses the granodiorite contact 
1,600 feet from the mouth of the tunnel. The ore ranges from $15 to 
$20 per ton, the gold rarely being coarse and averaging 745 fine. The 
sulphurets, of which there are 3 per cent, consist chiefly of arsenopyrite 
and contain about 3.25 ounces of gold to 2 ounces of silver per ton. On 
the tunnel level the pay shoot is continuous for 1,000 feet, and large 
quantities of ore have been stoped above it. Below the tunnel level 
the shoot appears to split into several branches inclining to the west, 
contrary to the usual rule for veins dipping south. 

VEIN SYSTEMS OF PENNSYLVANIA, W. Y. O. D., AND THE WESTERN 

FOOT OF OSBORNE HILL. 

GENERAL FEATUKE8. 

The hills to the southeast of Grass Valley, usually referred to as 
the Kate Hayes and Ophir hills, are in an unusual degree shattered 
by jointing or sheeting, and numerous quartz veins are found parallel 
to these systems of dislocation. The most prominent vein system 
dips west at moderate angles, but there is also ample evidence of the 
existence of another system dipping east at about the same inclina- 
tion, and there is excellent evidence of the contemporaneous forma- 
tion of the two systems. The veins dipping east are best represented 
in the continuation of the system to the south-southeast near the 
southern limit of the sheet. The deposits lie chiefly in granodiorite, 
near the contact, while some of them are contained in the diabase. 
Tbe gold is generally of high value, often coarse; the sulphurets are 
toiodefate in quantity; arsenopyrite is not generally present. 

Exceptional veins are the nearly perpendicular Golden Treasure, 
striking north-northeast, and the Little Diamond, which dips 45^ S. 

KATE HAYES VEIN. 

Located on the summit of Kate Hayes Hill, 4,000 feet south of the 
Grass Valley post-office, this vein was worked considerably thirty years 
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ago, as is indicated by the pits along the croppings. The total produc- 
tion is said to have been $125,000, and the ore contained from $35 
to $50 per tonJ On the summit of the hill is a shaft 300 feet deep on 
the incline, on which work was resumed in 1895 under the name of 
Heclii mine. The vein dips 45^ W. and is inclosed in hard granodiorite. 

THE CRKSCKNT VEIN. 

The Crescent vein is located 600 feet east of the Kate Ilayes, and dips 
to the east. 

THE PENXSVLVAXIA VEIX. 

A few hundred feet farther west the Pennsylvania vein is met with. 
The vein has been exploited at various times and produced a large 
total amount. Work of development has been going on for the last 
five years, and in 1894-95 a considerable amount was produced. 

The vein, which is inclosed in granodiorite, can be traced on the sur- 




Fio. 35. — Vortical Hortion alonp: abaft, showing veins and ctohh flHsurrs, in the Pennsylvania mine. 

face for 1,000 feet north of the shaft, while to the south the continuity 
of the surface croppings is doubtful. The shaft is sunk to a depth of 600 
feet on the incline, the vein dipping west at an average angle of 20^, 
A part of the shaft, continued down at a steeper angle, struck a paral- 
lel vein believed to be the Telegraph, though this would necessitate a 
a very flat dij) for the latter. The vein averages a little less than 1 
foot in width; the ore carries frequently coarse gold and a small per- 
centage of pyrite and galena. The wall rock is generally fresh, or at 
least not extensively altered. The sheeting and fracturing are very 
extensive and render the work of exploitation very difficult; the vein 
frequently pinches to a mere seam, difficult to follow. The system of 
fissures dipping east is very prominent; at 220 feet on the incline the 
Crescent vein intersects the Pennsylvania, and throughout the mine 
there is a constant tendency of the main vein to throw out stringers 
dipping east. These relations are illustrated in fig. 35. Besides, there 



1 Nevada County Mining Review. 
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is a system of <' crossings'' or barren seams striking northeast, usually 
dipping southeast at steep angles. Most of these crossings appear 
south of the shaft, and at least one of them throws the vein on the 
fourth level 00 feet (measured along the drift) in the foot wall — that is, 
produces a normal fault with a relative downthrow of the south side. 
The crossings contain no qnartz and afford excellent conduits for the 
subterranean circulation of water. 

The largest ore bodies were found north of the shaft between the first 
and third levels. The ore body then appeared to be cut off, but the 
apex of a new shoot was found on the fourth level south of the shaft. 
On the whole, the ore shoot thus dii)s to the south on the plane of the 
vein. 

THK W. Y. O. I). VEIN. 

Only in the last few years has this vein entered the ranks of the large 
producers. Long known on the surface as a small .3 to G inch vein, itf 
rapidly developed strength as depth was attained. The production 
for the four years from 1890 to 1893 was, respectively, $20,000, $53,500, 
$108,700, and $143,300. The shaft is at present 1,400 feet deep on the 
incline, drifts extending a maximum distance of 700 feet south and 
600 feet north. 

The vein, which dips 32^ W., can be traced in the granodiorite up 
to the Telegraph mine, where a small sliaft 175 feet deep on the incline 
was sunk on it in 1892. South of the W. Y. O. I), it enters the dia- 
base and turns more southeasterly, the vein at the same time attain- 
ing a steeper dip. In Little Wolf Creek the ex])osures are not satis- 
factory, but the vein cropping on the ridge to the south of it and 
opened by a tunnel 700 feet long, indicated on the map on the south 
side of the ridge 2,500 feet south of W. Y. O. D. mine, may be the con- 
tinuation of this vein. In the tunnel this vein is nearly perpendicular 
and 2 feet wide. The relation of the granodiorite contact on the sur- 
face and on the plane of the vein is shown in fig. 36, accentuating the 
wholly irregular surface separating the two formations. On the eleventh 
level the contact was crossed, and the deepest parts of the mine are now 
in granodiorite. The contact is generally sharp; in places light-colored 
granite-porphyry (quartz-porphyry) is met with near the contact. 

The vein is generally narrow, occasionally reaching 2 feet in width, 
and sometimes closing down to a seam. A little calcite sometimes 
occurs close to the vein in the country rock, which is much fractured 
and impregnated with pyrite. Cavities filled with quartz crystals are 
common on the vein. The ore consists of quartz with finely distributed 
gold, 806 to 832 fine. The sulphurets, of which there are 2 per cent, 
consist of pyrite, galena, and blende, with a little arsenopyrite in 
places. The sulphurets contain from 2.5 to 4.5 ounces of gold and 5 to 
8 ounces of silver per ton, the richest being the galena from the fine 
slimes. The sulx)hurets from the altered country rock adjoining the 
vein contain only from $6 to $12 per ton. The general tenor of the ore 
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iB high, ranging- from $20 to $50 per ton. The ore shoot, which was 
narrow in the upper part of the mine, rapidly widened between the 
sixth and ninth levels, attaining a maximum length of 850 feet; below 
this it showed a lower grade of ore for some distance, and then improved 
again greatly. The shoot, though very irregular in its details, dips on 
the whole to the south on the plane of the vein. Thus far the largest 
ore bodies have been found in the diabase. There are a number of 
seams dipping east, as in the Pennsylvania, and there is a tendency of 
the vein to fall back in the foot wall on these seams. A great number 
of "crossings," or barren seams, follow the ore shoot down, with a 
general southwesterly strike and steep or vertical dip; they do not 
appear to throw the vein to any noticeable extent. 
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Fio. 36.— Horizontal projection of contacts on Hurfaco and on plane of the vein, W. Y. O. U.mine. 

OTHER VEINS. 

Closely parallel to the W. Y. O. D., in strike and dip, are the Parr, 
Cassidy, and Linden veins, on which only a small amount of develop- 
ment work has been done. 

The Golden Treasure shaft was sunk 180 feet perpendicularly to cut 
the W. Y. O. D., which, however, it failed to do, the vein here having 
assumed a steep dip. A cross vein 2 feet wide, and nearly i)eri)en- 
dicular, outcrops just west of the shaft. 

THE DIAMOND, BULLION, AND ALASKA VEINS. 

Following the western foot of Osborne Hill, there are a number of 
veins with an easterly dip of about 45^. It is very likely that they 
may in reality be one continuous vein with a general north-northwest 
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Strike, but the outcrops can not be continuously followed. The Big 
Diamond vein outcrops for a few hundred feet 3,000 ftet due east of 
the Omaha mine. It has been opened by a tunnel and small shaft, 
and in former years (1869 to 1872) a considerable amount of ore, 
averaging $20 or more per ton, has been extracted from it. The vein 
is said to be 2 feet wide. 

The Little Diamond is a cross vein dipping 48^ S. and containing 
a shoot of ore dipping to the west on the x)lane of the vein. It is 
opened by a shaft 290 feet deep on the incline, but no work has been 
done on it in recent years. 

The Galena and Bullion vein was worked at its northern end, known 
as the lone or Galena, in 1865, by a vertical shaft 140 feet deep. The 
vein is 1 to 4 feet thick, the ore averaging $20 (Bean's Directory). 
The gold is 815 fine. On the southern part the Bullion shaft (formerly 
known as the "Union Jack") has been sunk to 400 feet perpendicularly, 
with drifts aggregating 500 or 600 feet. The production is reported to 
be $500,000, the width 1 to 4 feet, and the ore to contain $8 to $50 per 
ton. It has been idle for a long time.* 

South of the Bullion lies the Alaska shaft, sunk 100 feet perpendicu- 
larly, then for 400 feet following the vein. South of the Alaska the 
vein bends to the southeast and enters the diabase area. The Lebar, 
or Presqu'isle, 1,500 feet south of the Alaska, belongs to the same 
system, and has yielded some good ore from a 1-foot vein. 

THE FRANKLIN AND OTHER VEINS. 

The Franklin is located east of the Alaska, higher up on the hill; 
it has been worked intermittently by means of tunnels and a small 
incline, and yielded a considerable aggregate sum. The vein lies chiefly 
in decomposed diabase, but its northern end cuts into the granodiorite. 
The dip is 35^ W. The ore is of -bigh grade and is rich in sulphurets, 
the gold being 808 fine. 

In the lower part of the ravine emptying into Wolf Creek due east 
of the Wisconsin mine, called Little Diamond liavine, two veins are 
found — the Snowpoint, opened by a tunnel 500 feet long, and the Port- 
land, a strong vein outcropping on the side hill east of the ravine. 
The Portland is said to be 4 feet thick and rich in sulphurets, and 
has produced some ore of medium grade. 

THE EMPIBE-OSBOBNE HILL VEIN SYSTEM. 

This complex of veins, extending for nearly 3 miles with a general 
direction of N. 17° W., forms an excellent example of a "Gangzug," or 
system of '' linked veins." The veins lie throughout in diabase, diabase- 
porphyrite, or porphyrite-breccia. The dip is always to the west, 
averaging 35^. In spite of this general similarity the ores are not 
identical throughout. From the Orleans mine southward the eastern 
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part of the system contains a lower grade of gold and is particularly 
distinguished • by a considerable percentage of arsenopyrite. There 
are two main branches — the Rich Hill and the Ophir Hill, the latter 
being the more extensive. Both join at the Magenta mine, and beyond 
this point appear to break up into stringers. The Magenta shaft is 
sunk on the vein just north of the junction to a depth of a few hundred 
feet on the incline. The mine was worked on a small scale at different 
times up to about ten years ago. "Between the second and third 
levels a vein known as the Mohawk intersects it at right angles." ' 

THE EMPIUE MINE. 

The Empire enjoys the distinction of having been worked more nearly 
continuously than any other mine in the district, having been in opera- 
tion with but short interruption from its discovery in 1850 to the present 
time. Between 1852 and 1864 it is reported to have produced $1,000,000, 
and from 1864 to the close of 1866 the output was $300,000. In 1866 it 
produced 1,200 tons per month. In 1869 the output was $349,000; in 
1870, $240,000; in 1873, $240,000; in 1874, $187,000; in 1875, $232,000; 
in 1889, $35,500; in 1890, $73,100; in 1891, $103,000; in 1892, $82,000; 
in 1893, $110,800. The total production is probably in the vicinity of 
$6,000,000. 

The Empire has a shaft 2,400 feet deep on the incline on the Ophir 
Hill vein, as well as a smaller shaft on the Rich Hill vein. The drifts 
on the main vein extend to a maximum length north 1,500 feet and 
south 700 feet. A 40-stamp mill reduces the ore. The vein carries a 
large amount of water, the cross seams carrying it down from the whole 
hill. The outcroppings of the vein lie entirely in a fine-grained dia- 
base, but at or near the eleventh level the vein cuts across the contact 
into the granodiorite. These upper workings are not accessible now. 
Smaller dikes of granodiorite were noted on the fifth and seventh 
levels. 

The vein has a northerly strike, changing in the southern part of the 
mine to north-northwest, with many curves and local irregularities, the 
dip, which is fairly regular, averaging 24^ W. The vein is narrow, 
usually from 10 to 18 inches wide, and in structure is very similar to 
the North Star vein. There are usually two distinct walls, 3 to 4 feet 
apart, with quartz vein in the hanging or foot, or both, and seams also 
traversing the altered country rock separating the walls. (See PI. XV.) 
Outside of the fissured zone the diabase is fresh and hard, while within 
it is usually extensively altered by carbouatization and traversed by 
seams of calcite. Occasionally small open fissures are found in it coated 
with cahate crystals. It is also usually impregnated with pyrite, and 
this replaced country rock, when found near rich quartz, may con- 
tain two or three dollars in gold per ton. Gold has been observed to 
occur occasionally inclosed in the decomx)osed country rock. The ore 
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consists of quartz with often coarse, free gold 805 fine. The quartz is 
partly ribboned, partly massive, and contains 3 per cent of sulphurets, 
chiefly pyrite, with little galena and occasionally blende and chalcopy- 
rite. Arsenopyrite is absent. The concentrated sulphurets contain 
from 3.5 uj) to 5 ounces of gold and about 2 ounces of silver. Large 
parts of the pay shoot have averaged $30 to $50 per ton. The main pay 
shoot extends on both sides of the shaft and is somewhat irregular in 
shape, though it is stated that the richest ores are from shoots dipping 
south on the plane of the vein. The greatest length of stoped ground 
is 2,000 feet. On the thirteenth level the vein is split into three parts, 
the division extending several hundred feet north and south. This 
break, occurring in the main shoot, made the exploitation very difficult 
and diminished the tenor of gold in the veins. Excellent ore 18 inches 
wide was, however, stoped on the twentieth level north in 1894. The 
distance between the branches makes it doubtful whether they will 
join again in depth. 
Several strong cross 
seams run through 
the northern part of 
the mine, and have 
been observed to 
fault the vein a little. 
The relations illus- 
trated in fig. 37 were 
shown in the stopes 
a little below the 
twentieth level. 

The Kich {lill vein ^°* 37-— I^oogitudlnal section, showing fault, Ophir Hill velD, twenti- 
J • • o/xrN ^xT 1 ^^ 1®^®^' Empire mine. 

dipping 30O W., and 

approaching the Ophir Hill in depth, has been opened to a less extent 
by an incline shaft and by means of a crosscut from the sixth level on 
the Ophir Hill shaft. Good ore was stoped from this vein in 1894 on 
the so-called Eush and Laton shoot, which is said to be 200 feet long. 
For some distance above the sixth level the vein is divided in two, join- 
ing again above the fifth level. The hanging vein is the better, showing 
about 12 inches of massive quartz with pyrite and galena, and is inclosed 
in diabase, hard and fresh close up to the vein. This complete absence 
of crushed or altered wall rock is somewhat unusual. Brown opal con- 
taining coarse gold has been noted from this shoot. 

The Eich Hill continues southward through New Ophir and Daisy 
Hill claims, on which the developments are not extensive. A shaft, 
300 feet on the incline, was sunk on the latter many years ago, and the 
mine is rei)orted to have been reopened in 1895. A branch vein is said 
to connect with the Ophir Hill vein at the Prescott shaft. 
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THE ORLEANS MINE. 

The OphirHill vein doabtless continues southward toward the Orleans 
mine, though the croppings do not show quite continuously on the sur- 
face. The old Orleans shaft was sunk to a perpendicular depth of 100 
feet; the new shaft, started a few years ago, inclines 35^ W., the 
croppings lying some distance east of the shaft. The depth is 325 feet, 
with drifts at 200 and 280 feet. A considerable amount of ore has been 
produced by the Orleans. The gold is 790 fine. There are 3 per cent 
of sulphurets, averaging 3.5 ounces of gold and 0.7 ounce of silver. 
The vein continues southward by Mayflower, Prescott, Betsey, and 
King Uill shafts, all worked to some extent many years ago. King Hill 
and Prescott shafts were sunk to a depth of 300 feet on the incline. 
The long Orleans tunnel drained the surface workings as far south as 
the Betsey mine. This narrow vein appears to have been characterized 
by a strong percentage of arsenopyrite and rich ore. 

HEUSTOX VEIN. 

Lying parallel with the Ophir Dill vein and several hundred feet east 
of it is the Heuston, which can be traced only 1,500 feet on the surface. 
The deep explorations on this vein began in 18G1 and were continued 
until about 1870, since when the mine has been idle. The shaft is 300 
feet on the incline, dipping 25^ W., and the several levels extend 
north and south. The vein is very narrow, averaging 8 inches, inclosed 
in hard diabase, but very rich. It yielded $500,000 between June, 1864, 
and April, 1867. Some ore containing $160 per ton was mined in 1867. 
The expenses were estimated to have been $45 per ton in 1867.^ 

THE SEBASTOPOL VEIN. 

At a distance of 600 to 700 feet east of the south end of the Ophir 
Hill lies the Sebastopol, also dipping west at 35^. The Sebastopol 
shaft was worked 180 feet on the incline between 1856 and 1858, yield- 
ing $200,000, and was again opened for a short time in 1880. 

The southern end of the vein has recently been opened by the E1»M5- 
tric shaft, sunk to a depth of 400 feet, dipping 30° W., and with 
drifts extending 150 feet north and south. South of the shaft the 
vein turns to the southwest. The country rock is a diabase-breccia; 
the vein is 1 to 2 feet wide, and the ore carries finely divided gold with 
pyrite and some arsenopyrite and galena. On this and adjoining veins 
the pay shoots trend rapidly to the south on the plane of the vein. 
Two smaller veins, which have been worked to some extent and proved 
to pay well, lie between the King Hill and the Electric, the Sanders on 
the east and the Payday on the west. 
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THK OSBORNE HILL VEIN. 

Oeneral features, — Beginning a short distance west of King Hill 
shaft, the Osborne Hill vein can be traced half a mile south-southeast 
to beyond the Centennial shaft. On the east side of Osborne Hill 
there are no outcroppings for 3,000 feet, when again a vein appears 
which possibly may represent the extension of the Osborne Hill, hav- 
ing the same direction of strike and dip and the same characteristics 
of ore. Very little work has been done on this southerly extension. 

The Osborne Hill mine. — The principal developments are found at the 
Osborne Hill miue. From 1852 to 1857 the vein yielded large returns 
from the surface ore, the stopes extending 100 to 180 feet on the incline 
for 200 feet south of the shaft and 800 feet north. Between 1865 and 
1870 the main shaft was sunk to 400 fe«t and much ore was extracted. 
The mine was idle from 1870 to 1894, when it was opened again, the 
shaft sunk to 600 feet on the incline, the drifts extended, and a 20-stamp 
mill erected. 

The character of the wall rock varies somewhat; it is in part a very 
fine grained uralite-diabase, in part a homblende-porphyrite or a breccia 
of porphyrite and brownish argillite or fine-grained sandstone. 

The vein strikes north-northwest with many local curves and irregu- 
larities, and the dip varies from 29^ in the upper levels to 44^ in depth. 
In some parts, as on the fifth level north, the vein runs down to a seam, 
which, though containing rich ore, is too small to work. The main ore 
body was exposed on the fifth level north, which shows excellent ore 3 
to 4 feet wide and said to average $30 to $40. The foot wall is well 
defined, the hanging less so. The vein makes less the impression of a 
continuous open space filled with quartz than of a zone of crushed rock 
1 to 3 feet wide, containing many smaller open fissures and spaces sub- 
sequently filled with quartz. Comb structure aud vugs filled with 
crystals are very abundant. Banded structure by deposition and 
ribbon structure by subsequent sheeting both occur. The country 
rock between and adjoining the walls is very much decomposed 
and chiefly converted into sericite, there being but little carbonates. 
It is, besides, filled with arsenopyrite in small crystals. In the quartz 
free gold is rarely visible. The ore contains arsenopyrite, with some 
pyrite and a little zincblende, galena, and occasionally chalcopyrite, in 
all 15 per cent sulphurets. The brown blende occasionally contains 
coarser gohl. The gold is 767 fine; the sulphurets contain very little 
silver. 

In a few places there are indications of a system of joints dipping 
30"^ E. Several crossings cut the vein without faulting it, and have 
an easterly strike and a steep dip north or south. Occasionally the 
cross seams carry some quartz, and in one instance tetrahedrite was 
found on one of them. 

A branch vein with steep dip, called the Shoofly, lies to the west of 
the Osborne Hill mine. 
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The Centennial mine. — South of the Osborne Uill mine probably the 
same vein is worked by the Centennial shafts. This mine was worked 
between 187G and 1883, producing a reputed total of ♦600,000. In 1893 
work was resumed on the new shaft, but soon stopped again. There 
are two shafts; the old one is several hundred feet deep, and the exten- 
sive dumps indicate that a great amount of work has been done from it 
The new shaft, 300 feet farther south, is 650 feet deep on the incline. 
The vein dips W. 30^, and is contained chiefly in porphyrite-breccia 
with many brownish fragments of sedimentary flinty rocks. The 
quartz, which averages 1 foot in width, contains finely divided gold 
and a considerable amount of sulphurets, chiefly arsenopyrite, with 
much pyrite and a little galena. Calcite, in large cleavage pieces, is 
frequently found in the altered country rock adjoining the vein. The 
pay shoot is said to be 250 feet long, rapidly trending south on the plane 
of the vein. One or two cross seams cut the vein without faulting. 

THE LAFAYETTE AND COMET VEIN. 

Extending diagonally across Osborne Hill, with a strike a little west 
of north, this strong vein can be traced for a distance of IJ miles. 
Comparatively little work has been done on it. At its northern end 
the Conlan shaft was sunk 190 feet on the incline in 1892, disclosing a 
vein of 26 inches and some good ore. The vein dips 42^ W. and is 
inclosed in pori)hyrite-breccia. Between the Conlan and the Lafayette 
tunnels the outcrops are not very distinct, but south of the latter mine 
they can be traced easily. In the Conlan there are said to be two ore 
shoots pitching southwest. 

The Lafayette tunnel strikes the vein 450 feet from the mouth, and 
drifts are extended on the vein 80 feet north and 500 feet south. The 
vein dips 25° W.; the ore is ribboned quartz with pyrite and galena, 
and contains $20 to $50 per ton.' 

The Comet tunnel, farther south, cuts the ledge 600 feet from the 
mouth, and a considerable amount of ore has been stoped at various 
times. 

At the southern end there are two strong veins on the Indiana claim; 
on the more westerly of these a perpendicular shaft has been sunk 80 
feet deep. 

THE VEINS OF ROUGH AND BEADY AND DEADMANS FLAT. 

In the vicinity of Rough and Ready, 4J miles west of Grass Valley, 
there are several smaller veins, usually rich in pyrite and other 
sulphides. 

The Osceola vein^ inclosed in amphibolite, striking east- west and dip- 
ping 60° N., has been developed by two tunnels and a small shaft. The 
Ironclad^ in gabbro, 5 miles west of Grass Valley, dips 45° W., and is 
opened by a 200-foot inclined shaft. The ore is strongly sulphureted, 

> Eleventh Ann. Kept. State Mineralogist. 
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cout<ainlng about $20 per ton. The vein is said to be 2 feet wide and 
was worked to some extent in 1881.^ 

Deadmans Flat is situated 3^ miles to the west-southwest of Grass 
Valley, on the rolling plateau extending in that direction. The surface 
gravels in the gulches of this vicinity were extremely rich in coarse 
gold, and several promising quartz mines have been found there. The 
veins, which are indicated on the Smartsville sheet,^ lie in the mostly 
massive, rarely schistose, amphibolite area between two masses of 
gabbro. The grain of the rock, which is chiefly of dark color, varies 
greatly, and in places unaltered diorite or gabbro is found. The whole 
area appears to be a partially dynamo- metamorphosed complex of diorite 
and gabbro. The veins form three groups, with a generally northerly 
strike, and generally dip west. On the north lie the South Star claims, 
followed southward by the California mine, also known as the Pittsburg. 
This vein, which dips WNW. 65°, has been worked at intervals, 
and at times has been a considerable producer. The shaft is 280 feet 
deep. The ore contains coarse gold, 5 to 10 per cent of sulphurets, and 
a total of from $40 to $75 per ton. The vein is said to average 1 
foot in width. It is credited with 250 tons of ore in 1875, producing 
$20,000, and with $16,000 in 1891. The total production is not known. 

The Seven-thirty vein, one-half mile south of the California and dip- 
ping 550 W., extends through two locations. It has been worked at 
various times by two incline shafts 200 feet deep. The vein is 18 to 24 
inches wide, and has produced a notable amount of ore. The surface 
ore has been worked for several hundred feet. The ore is white quartz 
with but little sulphurets, and is said to average $20 per ton in the 
shoots. The superintendent states that the fineness of the bullion 
exceeds 000, which certainly is most unusual. The mine is credited 
with $11,200 in 1869. In 1893, 300 tons were crushed, yielding $6,000. 

The Normandie veins are located 1 mile east of the Seven-thirty, 
strike a little west of south, and dip 40^ W. The shaft is 120 feet 
deep. The two veins, 40 feet apart, average 6 inches in width, but con- 
tain very high grade ore. A cross vein, called the West Normandie, 
dips 350 N. 
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SUMMARY. 

INTRODUCTION. 

The mining districts of Nevada City and Grass Valley are situated 
in Nevada County, 135 miles northeast from San Francisco, on the 
western slope of the Sierra Nevada, at an elevation of about 2,500 feet. 

A great number of important gold deposits, consisting of quartz 
veins and gold-bearing gravels, are concentrated in this vicinity. 

The districts were discovered in 1849 and the mines have been worked 
continuously since that time. At present the quartz-mining interests 
are by far the more important. The districts are estimated to have 
produced a total of about $113,000,000. During the last years the 
Grass Yalley district has annually produced an average of $850,000 
and the Nevada City district $400,000, all in gold ; the silver production 
is comparatively insignificant. 

GEOLOGY. 

Distinction is made between the Tertiary and Eecent rocks, called 
the superjacent series, and the pre-Tertiary rocks, called the bed-rock 
series. The latter contains the quartz veins, the former the placer 
deposits resulting from the disintegration of the veins. The districts 
lie at the border line between the foothills of igneous rocks and the 
m:ddle slopes of sedimentary formations of Jurassic or older age. The 
rocks prevailing in the vicinity are chiefly of igneous character. Only 
a few areas are of sedimentary origin, and consist of siliceous argillite, 
slates, sandstones, and schists of partly Jurassic, partly Carboniferous 
age. They are generally altered, but rarely so much that their origin 
can not be recognized. The igneous rocks consist of granodiorite, 
diorite, gabbro, pyroxenite, peridotite, diabase, and pori)hyrite. By 
metamorphic processes amphibolites have in places been formed from 
the diorite, gabbro, diabase, and porphyrite, while the pyroxenite and 
peridotite often have been changed to serpentine. The igneous rocks 
are of Juratrias or later age, with the possible exception of the diorites, 
gabbros, and peridotites. Beginning with the latter, the eruptions were 
continued by the diabases and porphyrites and closed by the great 
intrusions of granodiorite of probably early Cretaceous age. The period 
of maximum intensity of volcanic activity appears to be contempora- 
neous with or a little later than the close of the Jurassic. 
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The oldest sedimentary rocks were folded and compressed before the 
igDOons activity had commenced. After the close of the Jurassic a 
second folding and compression took place, which metamorphosed many 
of the igneous rocks just erupted. Subsequently to the intrusion of 
the granodiorite the metamorphosing influences have been slight, but 
the range was subjected to great compressive stress, producing systems 
of joints and fissures on which the quartz veins were formed. 

In discussing the metamorphic processes, distinction is made between 
dynamo-metamorphism, dynamo-chemical metamorphism, common hy- 
dro-metamorphism, hydro-thermal metamorphism, contact metamor- 
phism, and weathering, all of which are shown in this vicinity. The 
different ways in which pyrite and pyrrhotite may form are described; 
also the course of the alteration in the feldspars, which chiefly are con- 
verted to micaceous products, and possibly scapolite, but not extensively 
to kaolin. 

THE FISSURE SYSTEMS. 

The compressive stresses to which the range was subjected after the 
intrusions of granodiorite produced joint systems in different directions, 
traversing all rocks of the bed-rock series. Sometimes the joint plates 
are thin and a sheeting of the rock is produced ; at other places the 
spacing was much larger and a series of parallel fissures was produced. 
The fissure systems may be divided into north-south veins dipping 
either east or west at moderate angles, averaging 35° or 40°, and the 
several groups of east- west veins dipping either north or south at high 
or low angles. Each direction of strike has its two directions of sym- 
metrically opposite dip, which are referred to as conjugated systems. 
The faults on the veins are in general small, but on the Merrifield and 
Ural veins great movement has taken place, resulting in a throw of 
probably over 1,000 feet measured along the dip of the vein. Nearly 
all faults recognized are overthrusts. The north-south veins are older 
than most of the east-west veins and are faulted by them. It is 
further shown that the fissures cross the contacts without being influ- 
enced by them, except as the susceptibility to deformation and breaking 
of different rocks is concerned. 

The origin of the fissure systems is shown to be compressive stresses, 
which will, as indicated by experiments, produce such conjugated 
fractures as are observed here. 

PRODUCTS OF VEIN FORMATION. 

The products of the vein- forming agencies are: 

1. Quartz with native gold and metallic sulphides. This is formed 
by deposition in open spaces along the fissure and constitutes the 
richest and generally the only kind of ore; and 

2. Country rock, altered by metasomatic processes. This as a rule 
contains very little, if any, gold. 



anc k fill iiiiiM f if TsnaierKz:* vuc ji miii < is. vk^F» irrirnii'itrT f fire 
HrJHnt » uic ^ 4iicz«ij fiiiiii i hi i ±Mcair ti ax- tenucMtt mT acuKal 
AnNiEc^ ■T'lntfaiKra^ut fCiKa UfC fi'.<c^iiiL sk^ u^v ztvL c»wntMg?y 
«ii:crws«iL fmn. TJtt vkZ nek ctrrn:£ Ta>» TM-t--iM-ii ^ i- jcme«sft. aaac s 
}Nir; [if til* i^iuers 3t Tait wei if o«r:i«ic ^.m. ta^ cCac^ Ii ^ «sr- 

-nf" 3 lilt *t:aKit^':z-v:<Hc «:i:ir:i:a -7 ^u^ieTik cwkfCjaT^r itooMi Li^ 

Tut EEzdoKu £nT%tf 4ff ^«;<iEnK 1^ K* aoatj oeaer^«c. ajm^ n ■ 
BiiTi tine t;i>(7 iikc nw wcilzii^cmc v- u.t rwnAtr-fcait- -&eM& jis lac 



3r^ TiMr^kaii; :^r>;ic. 
6faer-i>^ loic i: i- mh-vt a^ xnea. 4^ iM burr ^rkivi >Kit» 4^ 

•anifci rir:«ic scams 'iCn.z. Sto. FruystnL ^w ;c>Mft*ONL <i ^^ yec*eK 
CsT ja< Cni V^fty iL^uxf •c^'zr-ifcs ii twwz* ivnir*.. rKecscxf 43 




INDEX. 



Page. 

Aberdeen, S. Dak., artesian wells at 617- 

618, 671, 676 
analysis of artesian water from well at. 677 

Adelia Mill, Silver Cliff, Colo., description 

and history of. 417 

Alaska vein, Grass Valley, Cal., description 

of 251 

Alcester, S. Dak., artesian well near 672 

Alexandria, S. Dali., artesian wells at and 

near 640,671 

Allison Ranch vein, Grass Valley, Cal., de- 
scription of 245 

Alluvium of Nevada City and Grass Valley 

diittricts, California, description of . . . 101 

Alluvium of Silver Cliff and Rosita Hills, 

Colorado, description of 323 

Alpha vein, Grass Valley district, Califor- 
nia, description of 221 

Altaite of quartz veins of Nevada City and 
Grass Valley districts, California, oc- 
currence of 117 

Alominum hydrous sulphate of Nevada 
City and Grass Valley districts, Cali- 
fornia, occurrence of 120 

Alunite pseudomorphs, Rosita Hills, Colo- 
rado, description and analysis of 318 

Ampbibolite group of roolis, Nevada City 
and Grass Valley districts, California, 
descript ion of 75-78 

Analyses, chemical 35, 38, 42, 43, 45, 46, 47, 50, 

50, 62, 64, 66. 67, 68, 71, 75, 78, 81, 00, 121, 122, 123, 
126-127, 131, 140, 150, 151, 153, 154, 15S, 156, 157, 
278, 281, 284, 315, 316, 317, 318, 320, 321, 322, 824, 
436, 451, 454, 457, 458, 450, 460, 461, 462, 463, 471, 
402, 406, 500, 530, 588-580, 677, 810-828. 

Andesite of Rosita Hills, Colorado, descrip- 
tion of 285-201,303-306,370-382,384-385 

analyses of 321 

Andesitic tuffs of Nevada County, Cal., 

description of 00-101 

Andover. S. Dak., artesian well at 620. 621 

analyses of artesian water from well at. 677 

Apishapa formation, eastern Colorado, de- 
scription of 567 

Aplite of Nevada City and Grass Valley 
districts, California, occurrenoe and 
characters of 44-45 

Appalachian coal field, correlation work 

in 470-480 



PaiEA. 
Argentite of quartz veins of Nevada City 

and Grass Valley districts, California, 

occurrence of 1 10 

Arkansas Valley in eastern Colorado, paper 
byG. K. Gilbert on underground water 

of 551-601 

topography of 558-560 

geology of 560-580 

Juratrias rocks of 560-561 

Cretaceous rocks of r>Ql-574 

sections across (PI. LX VIII) 574 

upland sands and gravels of 574-577 

terrace sands and gravels of 577-570 

dune sands of 570-580 

artesian water of 580-505 

ground water of 601 

Armour, S. Dak., artesian wells at 648 

analysis of artesian waters from well at . 677 
Arsenopyrite of quartz Teins of Nevada 
City and Grass Valley districto, Cali- 
fornia, occurrenoe of 118-110 

Artesian, S. Dak., artesian wells at and 

near 634-635 

Artesian basin in the Dakotas, floor of. . 670-676 
Artesian irrigation in South Dakota, ac- 
count of 681-600 

Artesian water of a portion of the Dakotas, 

report of N. H. Darton on 603-604 

chemical analyses of 676-678 

origin of 670-680 

amount of 680-681 

use for power of 690-001 

Artesian water of Illinois, account of. . . . 785-818 
geologic sections showing course of ... . 787, 

702,707,831 
geographic and stratigraphio distribu- 
tion of 801-803 

analyses of S27-828 

Artesian water of the Arkansas Valley, in 
eastern Colorado, occurrence and char- 
acter of 680-505 

chemical analysesof 688--580 

Artesian water of the Dakota sandstone, 

pressure and head of 665-670 

Artesian wells, mode of construction and 

management of 001-604 

Artesian wells of Illinois, account of 785-818 

geologic sections showing course of 

water supply of 787, 702, 707, 830, 831 

geographic distribution of SOl^BOZ 

851 



,rI»liD wells of BliDOis. itnitJgiiiphli 

Jlitribiillanof 

dBplhof 

taliiiUted •111! onnrsrnlDe 

«D«lj»ti of interior- 

Artmlnii welts of South Dakola, IrrigHtl 



INDEX. 
Psge. 



r>ODi 



Fipowcrar W0-8B1 

A*hUii.S.Uftk.,trt«slsDwvlUst S23 

AdgllnaiKl linnibleHdBtiDLvrgtDmiJ.snal}'' 

staof 2TB 

Angilc-honiblFnilO'giielu, SIlTcr CI iff snil 
Roslla Ellis, Colonulo, dewiiptinn 
of 277-S78 



I., (leecriptlon and snal jaIb 



rlfeions gravels of the NnrwU City Hud 
6rM« Vallrr dl«lricU. Callfornl., de. 
jicrliitlunur .- «-!(» 

rera County. S. Dub.. srUtUn welUlo. SU-643 



BsoulfMnoompressaa, flgnroof (PLLXII). s«g 
Bad|:er Hill Tels, Orau Vallc;, Cal., de- 

acriptlonor 232 

Bald UuuDlaln.Calonda, geology of MB-3M 

Bald MouDtalu ilacile, Colorado, ocanmnee 

anil cbvaclar of 29t>-^2M 

BtniiBTlIill. N'evkdiCnniity Cal., tocatloD 

anJolevallim of • U 

diabueuid iiurphyrllotreiDr U-Oi 

CalsvorBflfonnalionTnar B2-M 

e[>ld-i]UBn>v?lD(Dr Ig^lM 

Bird,8.»»k,.aMMiiDoelliiDear BW 

Biuildf Colurailn, mcniMuM aod oharec- 
t«rot ais-an 

BaMlck. E. Cdlacorery of alUrr ore In 

RMitsAills, Coloiwlo, bj' tia 

Butlck aiiiilamoalo of KoalU JIlllii, Colo- 
rado, churw.'Ierindgoolojflcal pinitioD 

of 307-311 

Baaalck HOI. Colonulo, rm^kn of. aoZ-Sm 

fSassick mine, RoslU Bilk. Colorado, de- 

■crlptlonofiwiksof l«S-S8t, 430-<3a 

FTuasswlMiii iir<in>b«dyiii 434 



BOf... 



BeudluCoimty S.nHk..a[traUD wi-ILi in. «£&-«» 

artMlBDlmgitiuiiln e83-«84 

IkMi,E.F cltal 1« 

Becker. Q.F oiled IW 

Bed-rock tfxiea of NfTidx CItyaud Urasi 
Vallsy districts, Collfarala. descHp- 



ipleOQSTOckBof. S&-TB 

scdfinenUirT to«k» of 7l»-«!i 

Keo>OK>™l>>l">«'T"f lOS-lUt 

ellernimWln vein. Ksvtds Canoty, Cal., 



Dig Unddy RiTor. Illinois, deacrlptlon of. . 

Itiiman-k, X Duk .arlealan wellal 

lililik Luifi- vi'liis, Grans Valley, Cal., work 

Illiirk idnisplialci "f Tsanoeaee, character 



nrininof GSt-SM 

BL.k«,'W.P.,dt*d IN 

Bine MauntaloB, Colonulo, gneiiB and 

gianltB arras of 338-3ST 



IlDDh^> 



S. Oak., I 



«rte»laalrTlB«lioiiln - OM-MS 

Bunillu.S.I)iik arlMian wflls at «J9 

Uonliler and ItatTulu BuntiT Mill, fllver 

Cliff, Colo, oliarni'IMaodhlDtoryuf . *1T 
Bowlderintno, Silver Clur. Colo., drscriplloii 

of «S2 

Itowory vein. Grass Valley, Cal,, dcsoHp 

tlonof. J37 

Bowlder cliiy of lUllloli., account of 7M-7eT 

Bowlder wne. Silver Cliff, Colo., divcrip- 

tloDof 208-291, M2~403 

Hn^'i'lEi, dlnbBH, snd potphyrlte area of 
Osborne Bill. Gnisi Valley. Cal. de- 
scription of 7S-7* 






wifTVr 



BroB-n County S. Dak., urleslali walls In 

nrteHlaulrrlKutlonln. 

RpOWD Valley, Minn . artetlsn well at- . - 
BniI«Coniity.:S.t>ii1i.,artesiiui wells In.. U3-e45 



™lftnirrij!alluEin -- 



BninBWlck group of Telnti, Grass Valley, 

C»l..de«crlpliniiof 220-211 

Krantwli'k mine, Kutadu County <?al.,«n« 

uliwhlBUiWporphyrlto.ljrecoiBIU'af T8 

Hniii«ffii'kTeln.<irft«« Valley CiU.. ilpsiTlp. 






IiilMtanilDt'o nilDs, Blae Mod 

<if»du, Tilalory of 

di«rlpilonuf 
rorii^flnlntiun plant of. 



ram showing pisn of HI 

lofoccoTTvnceoforeof- UI-U2 

IHitiTiimroof «tX-4H 

oforobody of U4-4(S 

slsoforeof. *45-MT 

vi-ln, GrSBii Valley, Csl.. descrip. 

nof 151 

indnile. Rostta Bills, Colorado, de- 



tanker IlilL Colorado, rocks of .. 



mlDS, Nevada City, Cal.. work 01 



INDEX. 



853 



Page. 

CalaTeras formation, Kevada City and 
Grass Valley districts, California, 

description of 79-89 

fossils of 79 

Calcite of gold-quartz veins of Nevada City 
and Grass Valley, Cal., occurrence 
of 114-115 

Caledonia vein, Nevada County, Cal., de- 
scription of 192 

California, gold production of 26 

California mine, Nevada City, Cal., descrip- 
tion of 207 

Cambridge vein, Grass Valley, Cal., descrip- 
tion of 231 

Campbell, M. K., and Mendenhall, W. C, 
paper on geologic section along the 
New and Kanawha rivers, West Vir- 
ginia,by 473-511 

Canada Hill area, Nevada County. Cal., Cal- 
averas formation in 83 

Canada Hill vein, Nevada County, Cal., de- 
scription of 195-196 

vertical section at 196 

diagram showing faults on 197 

Carbon Cliff. 111., reconl of well boring at . . 849 

Carlile shale of eaxteru Colorado, fossils 

of (P1.LVIII) 564 

description of 565-566 

Centennial mine. Grass Valley, Cal.. descrip- 
tion of 256 

Central North Star vein. Grass Valley Cal., 

description of 241 

Cbabazite of Nevada City and Grass Val- 
ley districts, California, occurrence of 120 

Chalcedonite of gold-quartz veins of Ne- 
vada City and Grass Valley, Cal.. oc- 
currence of 114 

Chalcopyrite of quartz veins of Nevada 
City and Grass Valley districts, Cali- 
fornia, occurrence of 118 

Chamberlain, S. Dak., artebian wells at and 

near 644-645,660 

analysis of artesian water from well at 677 

Chambers's smelting furnace. Silver Cliff, 

Colo., character and history of 417 

Champion mine, Nevada City, Cal., descrip- 
tion of 214-215 

Charles Mix County, S. Dak., artesian wells 

in 645-647 

artesian irrigation in 686 

Charlestown sandstone, West Virginia, de- 
scription of 508-509 

Charonnat vein. Nevada County, Cal., de- 
scription of 195-196 

Chemical alteration of rocks of Nevada City 
and Grass Valley districts, Colorado, 
description of 146-157 

Chemical analyses 35, 38, 42, 43, 45, 46, 47, 50, 59, 

62, 64, 66, 67, 68, 71, 75, 78. 81. 99, 121, 122, 123, 
126-127, 131, 149, 150, 151, 153, 154, 155, 156, 157, 
278. 281, 284, 315, 316, 317, 318, 320, 321, 322, 324, 
435, 451, 454, 457. 458, 450, 460, 461. 462, 463, 471, 
492, 496, 509, 539, 588-589, 677, 786, 800, 819-828 
Chicago outlet of Lake Michigan, de.scrip- 

tionof 711-712 



Page. 
Chlorination process of milling ores, de- 

scription of 24 

Cincinnati Hill vein, Grass Valley, Cal., 

work on 234 

Cinnabar of quartz veins of Nevada City 
and Grass Valley districts, Califor- 
nia, occurrence of 119 

Clark County, S. Dak., artesian wells in. 623-624 

Claudet, F., chemical analyses by 126-127 

Clay County, S. Dak., artesian wells in . . . 657-660 
Clay (siliceous). Silver Cliff and Kosita 

Hills, Colorado, description of 319-320 

Clays of Nevada County, Cal., analyses of. 99 
Coal be<ls of Appalachian region, work on 

correlation of 479-480 

Coal Measures of Illinois, altitudes of 791 

Coe vein, Grass Valley, Cal., description of. 222 
Colorado, paper on geology of Silver Cliff 

and RositA Hills of 263-403 

paper by S. V. Emmons on mines of. . 405-472 
Colorado (eastern). pai>er by G. K. (Ulbert 

on underground water of 551-601 

topography of 558-560 

geology of .')00-580 

Juratrias rocks of. 560-561 

Cretaceous rocks of 561-674 

sections across (PI. LXVni). 574 

upland sands and gravels of 574-577 

terrace sands and gravels of 577-579 

dune sands of 579-580 

artesian water of 580-695 

ground water of 601 

Columbia, S. Dak., artesian well at 618 

Concord UiU, Colorado, rocks of 378-379 

Conde, S. Dak., artesian well at 622 

Conglomeratic phosphate of Tennessee, de- 
scription of 526-527 

Constitution claim, Nevada County, Cal., 

vein of 187 

Cooley, L. E., cited 736, 737, 739, 742 

Copper of Nevada City and Grass Valley 

districts, California, occurrence of 120 

Crescent vein. Grass Valley, Cal., location 

of 248 

Cretaceous formations of eastern Colorado, 

description of 561-674 

diagrammatic section of 571 

diagram showing formations of 571 

description of 561-574 

Cripple Creek, Colo., ore deposits of Silver 
Cliffy Colo., compared with deposita 

of 460-470 

Cioss, "Whitman, paper on geology of Silver 

Cliff and the Kosita H ilhi by 263-403 

Crown Point mine, Nevada County, Cal., 

serpentine area of 65 

Crown Point vein. Grass Valley, Cal., de- 

sen ption of .' 231-232 

Cunningham, A. A .. chemical analysis by . 5S8-500 
Custer CJounty, Colo., paiK-rby S, F. Emmons 

on minesof 405-472 

I). 

Dacite of Rosita Hills, Colorado, descrip- 
tion of 295-296 

ocx:urrence and character of 346 



854 



INDEX. 



Page. 
Dakote group of eMtern Colorado. doMifp- 

tion of. 

Dakota saadstone of eaotora Colorado, 

water of. 

Darton, K. H., preliminary report on arte* 
■Un watora of a portion of tbo Dakota* 
by 603-«M 

Daabr6e,A..eited 1«4 

Davenport, Iowa, reeord of drillinga from 

welUat S4H-S4S 

Dariaon Coonty, 8. Dak^ arteoian wells in 641-442 

Daria's Ketoorology, cited 722 

Day Coonty, 8. Dak^ arteaiaa wella in 021 

Deadman'aFlat Xerada County, Cal., veina 

of 257 

Deadwood rein, Xerada County, Cal.. de- 

•eriptionof 190 

Decompoaition of rocka, SUver Cliff and Ro- 
aita HiUs, Colorado, modea and prod- 
neta of 313-322 

Deer Creek, Nevada County, Cal., deacrip- 

tionof. 14-15 

flgnre showing sheeted zone in 185 

Deer Creek basin, N<<vada County, Cal., 

gold-qoartz veins of 185-191 

Degroot, H., cited 25 

Debnont, 8. Dak., artesian well at 648 

Democrat Hill, Colorado, qoartz-alnnite 

of 314-315 

rocks of 377-378 

Democrat Ridge, Colorado, rocks of 377 

Denver and Rio Grande Railroad, history of 

Silver CUff (Colo.) branch of 414-415 

De Sroet, 8. Dak., artesian well at 627, 671 

Des riaines River, Illinois. doHcription of. . 718 
measurements of 740-742 

Devils Lake. N. Dak ., artesian well at 662 

Devonian limeatone under Rook Island, 111., 

and vicinity, account of 832-883 

Diabaae of Nevada County, Cal., character 

of 604», 152-153 

analyses of 64,66,67,68,71,163 

Diabase of Silver Cliff and Rosita Hills, Col- 
orado, occurrence and character of. 282-283 

Diabase and porphyrite rocks of Nevada 

County, Cal., description of 56-75 

Diamond vein, Grass Valley, Cal., descrip- 
tion of 251 

Dickinson, N. Dak., artesian well at. . 662, 663, 664 

Dike rocks of Silver Ciitt and RosiU Hills, 

Colorado, description of . . . . 280-284. 382-883 

Dikes of Nevada County, Cal., descriptions 

of 58-60,64-66,68-70,74-76 

Diorite of Nevada City and Graas Valley 
districts, California, occurrence and 

character of 40-41 

analyses of. 42-43,50 

Diorite of Rosita Hills, Colorado, descrip- 
tion of 291-295 

Diorite-gabbro-iMridotite group of rocks of 
the Sierra Nevada, occurrence and 
character of 48-55 

Diorite-porphjrrite of the Nevada City and 
Graas Valley districts, California, oc- 
currence and character of 47 



DolaBd,&Dak.,artMiamweaai «B 

anatyaiaofarteaiaB water from weU at. 677 

Dorsey, Victor, aekBOwledgmeata to 228 

Dooglaa, E. IC triangnlatkm by 11 

Doaglaa Coonty. 8. Dak., arteaian wella 

in 647-649 

artesian irrigation in 686 

DriAofllliBois, w«Dain 770-782 

topographic effoct of 706-711 

th&cknesaof 707 

Drift mining, proceaa of 28 

Dromedary-GraniteHill vein. Grass Valley, 

CaL, description of 235-336 

Dune sands of eastern Colorado, description 

of 578-580 

water of 588 

Dannington. A. F.. topographic maps pre- 
pared by 13 

Duryeo furnace. Silver Clifl; Colo., charac- 

teraod history of 418 

Duteh Flat. Colorado, rocks of 356 

£. 

Eagle vein, Nevada City, Cal., description 

of 206 

Eakins, L. G., work of 289 

analyses by 278, 

281, 315, 316, 317, 318, 320, 321, 322. 324. 451, 471 
Earlville, HI., flowing- well district near. . 779-780 
East Moline, IlL, record of well boring at . . 848 
East Pierre, S. Dak., artesian well at — 629-630 
Ebaugh vein, Nevada County, Cal., de- 
scription of 188 

Edgeley, N. Dak., ariesian well at 662 

Edmunds County, S. Dak., artesian wells 

in 619 

Elk Point S. Dak., artesian welU at 672 

Ellendale, N . Dak., artesian wells at 661 

Emmet vein. Grass Valley, Cal., descrip- 
tion of 236 

Emmons, S. F.. work of 269 

Empire mine, Grass Valley, Cal., veins of ^ . 166 

description of 252-253 

figured section showing fault at 253 

Empire-Osbome Hill vein system, Grass 

Valley, Cal.. description of 251-252 

Englebright, W. F., acknowledgmento to . . . 13 
Eureka mine. Grass Valley, Cal., descrip- 
tion of 224-229 

figure showing sections in 225, 227 

Eureka- Idaho- Mary land vein. Grass Valley, 

Cal., description of 224-229 

Eureka-Idaho pay shoot. Grass Valley, Cal., 

figure showing outline of 228 

Excelsior Ridge, Colorado, rocks of 373 

F. 

Fahlerz of quarts veins of Nevada City and 
Grass Valley districte, California, oc- 
currence of 119 

Fair Ground, Nevada County, Cal., diorite 

of 50-51 

Fairview diorite, Rosita Hills. Colorado, 

description of 291-296 

Farmer City, HI., flowing wells at 782 



INDEX. 



855 



FtelkC«iiiitj,&D«k., artesian wells in.. a8i-«25 

Italktan, 8. Dak^ artesian weU at tU 

analysisof artesian water firomirell at. 077 
Fantts in Nevada City and Grass Valley 

districts, California, oocorrenoe of . . 166-107 
Fayette sandstone, West Virgin, descrip- 
tion of. 497-490 

Federal Loan mine, Nevada County, Cal., 

dikesinargiUitesof 5S-dO 

Calaveras formation at 80-ffi 

analysis of wall rook firom 81 

mineral waters of 121 

vein of 186-187 

vertical section at 187 

Feldspar, hydro-chemical processes of alter- 
ation of. 93 

Fireman . Peter, chemical analysis made by . 13, 

50,64 
Fissures, ore bearing, of Rosita mines, Colo> 

rado, description of 422-428 

Fissures and veins, changes in Sierra Ne- 
vada rocks due to formation of. 146, 157 

Fissure systems of Nevada City and Grass 
Valley districts, California, relation to 

geologic structure of 167-168 

origin of 169-170 

description of 164-171,259 

Flensburg, S. Dak., artesian wells at 648 

Fontaine, W. M., cited 482. 494 

Forest Spring group of mines, Grass Val- 
ley, Cal., description of 246-247 

Fort Randall, S. Dak., artesian well at. . . 660, 672 

Fort Sully. S. Dak., artesian wells in 631 

Fox Hills group of eastern Colorado, de- 
scription of 569 

Fox River, Illinois, description of 713 

measurements of 742 

Frankfort, S. Dak., artesian wells at 622 

Franklin -Hussey vein, Nevada County, 

Cal., description of 189 

Franklin vein, Grasa Valley. Cal., descrip- 
tion of 261 

Frederick, S. Dak., artesian well »t 618 

Fulton, S. Dak., artesian well at 67 1 



G. 



Gabbro of Nevada City and Grasa Valley 
districts, occurrence and characters 
of 61-62 

Galena of quartz veins of Nevada City and 
Grass Valley districts, California, oc- 
currence of 118 

Galena limestone under Rock Island, lU., 

and vicinity, account of 836-836 

Garnet of Nevada City and Grass Valley 

districts. California, occurrence of. . . 120 

Game Ridge, Colorado, rocks of 351-355 

Game Ridge Mill, Silver Cliff, Colo., descrip- 
tion and history of 419 

Gangue minerals of Nevada City and Grass 
Valley districts, California, synthesis 
of 178-179 

Geikie, A.,cited 310-311 

Geyser mine. Silver Cliff, Colo., description 

of 396-398 



Page. 
Q^yaer mine. Silver Cliff, Colo^ deep 

deposits of 468-466 

ooimtry rocks of 454-456 

ore bodies of. 456 

vein materials of 456-458 

analyses of ore from 457 

analyses of earthy vein material from. . 458 

water courses of 458 

analysesof sinters of 450 

analyses of waters of 46(M68 

Geyser Mining and Milling Company, Silver 

Cliff, Colo., work of 450 

Gilbert, G. K., i>aper on underground water 
of the Arkansas Valley in eastern 

Colorado by 561-601 

Glacial drift of Illinois, topographic effect 

of 706-7U 

thickness of. 707 

wells in 754-750 

Glmcoe-Gracie vein, Nevada County, CaL, 

description of 193-194 

Gneiss and gi-anite of Silver Cliff and Rosita ^ 

Hills, Colorado, description of 275- 

280, 333-838, 384, 898-899 

Gold, California production of 26 

Nevada County, Cal., production of 26-27 

from ores of Nevada City and Grass 

Valley districts, California 116-116, 124 

solubUityof 170 

Gold of Nevada City and Grass Valley dis- 
tricts, California, mode of precipita- 
tion, deposition, and occurrence of. . . 181- 

184,260 
Gold and silver production of Custer County, 

Colo., table showing 420 

Crold Flat vein, Nevada City, Cal., descrip- 

tionof 205 

Gold Hill-Rocky Bar vein, Grass Valley, 

Cal., description of 233-234 

Gold Hill, and Massachusetts Hill, Grass 

Valley, Cal., description of veins of. 238-236 
Gold Point vein, GrasH Valley, Cal., descrip- 
tion of 230 

Gold-quartz veins of Nevada City and 
Grass Valley districts, California, 
I»aper by Waldemar Lindgren on... 1-262 

character and occurrence of 1 12-118 

mineralogy of 114-120 

mineral waters of 120-124 

Gold Tunnel vein, Nevsda City, Cal., de- 
scription of 207 

Graneros formation, Colorado, description 

of 564 

Granite and gneiss of Silver Cliff and Rosita 
Hills, Colorado, character and expo- 
sures of 276-280, 33^-338, 384 

Granite Hill-Dromedary vein. Grass Val 

ley, Cal., description of 236-236 

Granite-porphyry of the Nevada City and 
Grass Valley districts, California, oc- 
currence and character of 46-46 

analyais of 46 

Granodiorite of Nevada City and Grass Val- 
ley districts, California, occurrence 

and character of 35-44 

chemical analysis of 35,38 



856 



INDEX. 



Page. 
Gnnodiatlre (altered) of Nevada City and 
Graas Valley diatrictti. Callforiiia, de- 

•cripUonof 150-152 

analyaes of 151 

Grant rein. Nerada Connty, Cal., deacrip- 

tion of 196,206 

Grami Valley and Nevada City diatricta, Cali- 
fornia, paper by Waldemar Lindgren 

on 1-282 

location of 13,258 

topography of. 14-15 

vegetation of 15 

literatore concerning 15-17 

history of 17-18 

mining and milling in 18-25 

gold and «il ver production in 2&-28 

general geology of 2^-34 

igneona bed rocks of 35-78 

sedimentary bed rocks of 79-89 

metamorphism in 90-96 

superjacent formations of 97-101 

geological history of 102-111 

oreaof 112-144 

rock changes due to fissare and vein 

formation in 145-157 

vein atructore and pay shoots in 158-163 

fissure systems in 164-171 

temperature in mines of 170-171 

genesis of veins of 172-184 

detailed description of 185-257 

summary of geology of 258-262 

pay shoots of 261 

Gravels and sands (terrace) of eastern Colo- 
rado, description of 577-579 

Gravels and sands (upland) of eastern Colo- 
rado, description of 574-577 

water of 506-598 

Greenhorn formation, Colorado, description 

of 564-565 

Greenman vein, Nevada County, Cal., de- 
scription of 196 

Greenwood, S. Dak., artesian well at 646 

Groton, S. Dak., artesian wells at 618 

Ground water of the Arkansas Valley in 
eastern Colorado, occurrence and char- 
acter of 50&-601 



Hague. Arnold, cited 203 

Hammond, J. H., cited 24 

Hand Ckmnty, S. Dak., artesian wells in 627- 

628,629 

artesian irrigation in 686-687 

Hanson Coun ty, S. Dak. . artesian wells in . 638-640 

Harold, S. Dak., artesian well at 630 

analysis of artesian water from well at. 677 
Hartery mine. Grass Valley, Cal., veins of. 243-244 
Hassell and Mycr farm, Spink County, S. 

Dak., artesian irrigation on 688, 689 

Hayes, C. W., paper on Tennessee phos- 
phates by 513-549 

Hermosa vein. Grass Valley, Cal., descrip- 
tion of 235 

Heteroceras nebrascense, figure of (PI. 

LXVI) 570 



Paget 



164 



Henaton vein, Graaa VaUey, Cal., descrip- 
tion of 

Higbmore, S. Dak., artesian well at 

Hillebrand, W. F., chemical analysea made 

by 13,38,42,81,121,122,123, 

126-127. 149, 150, 458, 450, 461, 462, 463, 588-500 

cited 122,502 

Hlnton formation, West Virginia, descrip- 
tion of 487-489 

Hitchcock, S. Dak., artesian wells at and 

near 625,671 

analysis of artesian water from well at 677 
Home mine, Nevada County, Cal., section at 63 

veins of 218-210 

Homeward Bound mine, Graas Valley, Cal., 

work at 243 

Hornblende and augite (intergrown) analy- 
sis of 278 

Hudson River shale under Rock Island, HL, 

and vicinity, account of 834-835 

Hughes County, & Dak., artesian weUs in 62^-630 
Humboldt mine, Rosita Hills, Colorado, de- 
scription of 424-428 

Humboldt-Pocahontas vein, Rosita Hills, 

Colorado, development of 412 

description of 423 

figure showing elevation of 426 

figure showing cross section of 427 

Hunter farm, Spink County, S. Dak.,artesian 

irrigation on 688,689 

Huron. S. Dak., artesian wells at 625-626 

analysis of artesian water from well at. 677 
Hutchinson County, S. Dak., artesian wells 

in 649-650 

Hyde County, S. Dak., artesian weUs in ... . 620 
Hydraulic mining near Nevada City, Cal., 

history of 10 

process of 22 

I. 

Idaho mine, Grass Valley, Cal., deacription 

of 224-229 

Idaho system of veins. Grass Valley, Cal., 

description of 221-233 

Igneous roclcs of the bed-rock series of the 
Nevada City and Grass Valley dis- 
tricts, California, description of 35-78 

niinois, paper by Frank Leverett on water 

resources of 605-840 

physical features of 703-717 

rainfall of 718-720 

run-ofl'of 730-743 

navigable waters of 744-746 

water power of 746-747 

water supplies for cities and villages 

of 748-764 

water supplies for rural districts of. . 765-784 

artesian wells of 785-818 

analyses of waters of 819-828 

Paleozoic rocks of 829-849 

Illinois River, description of 712-715 

measurements of 735-742 

Illinois Vermilion River, description of. . 713-714 
Imperial veins, Grass Valley, Cal., descrip- 
tion of 232-233 
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Indian Flat, Nevada Connty, Cal., serpen- 
tine area of 52-54 

amphibolite area of 76-77 

Inkemiann vein, Graaa Valley, Cal., descrip- 
tion of 238 

Inooerainuscripsii, fignreof (PI. LXV) 570 

iDoceramns defurmis, figures of (PI LX) . . 566 
Inoceramas labiatus. figures of (PI. LVII) . 562 
Inoceramas sagensis, figure of (PI. LXVI). 572 
Intersection of veins in Nevada City and 
Grass Valley districts, California, oc- 
currence of 166-167 

Ipswich, S. Dak., artesian well at 619 

analysis of art<'sian water fh>ni well at. 677 
Irish- American vein. Grass Valley, Cal., de- 
scription of 236 

Iron Hill, Colorado, rocks of 375 

Iron sulphides, occurrence and formation of. 93-95 
Iroquois, & Dak., analysis of artesian water 

from well at 677 

Iroquois Connty. HI , flowing wells of. . . 773-778 
Irrigation (artesian) in South Dakota, ac 

countof 681-690 

Italian vein. Nevada City, Cal.. description 

of 206 

J. 

James Cupola Furnace, Rosita, Colo., de- 
scription and history of 416 

Jamestown. N. Dak ., artesian well at 662 

analysis of artesian water from well at. 677 

Jerauld County. S. Dak., artesian wells in. 631-633 
artesian irrigation in 687 

Jersey Blue vein, Grass Valley, Cal., de- 
scription of 235 

John Bull vein, Nevada City, Cal., work on. 217 

Joilet, 111., record of well boring at 799 

Juratrias rocks of eastern Colorado, de- 
scription of 5(»-561 
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Kanawha and New rivers. West Virginia, 

pap<;r on geolojfic Hection along 473-611 

Kanawha formation, West Virginia, descrip- 
tion of 499-508 

lower coal group of 501-505 

Anstetl coal of 501-602 

Eagle coal of 502 

Gas or Coal Valley coal of 502 

PeerleHS coal of 503-504 

Brownstown coal of 504 

Campbell's Creek coal of 505 

Upper coal group of 505-607 

Kanawha black flint of 507-508 

Kankakee Hill, Colorado, rocks of 370-371 

Kankakee Kiver, Illinois, description of 713 

measurements of 740 

Kaskaskia River. Illinois, description of. . . 717 
Kate Hayes vein, Grass Valley, Cal., de- 
scription of 247-248 

Kentucky vein. Grass Valley, Cal., descrip- 
tion of 221 

Kimball, S. Dak., analysis of artesian water 

from well at 677 



Page. 
Kingsbury Connty. S. Dak., artesian wells 

in 627 

Kingsbury veins, Nevada County, Cal., 

description of 192 

King of the Valley mine. Silver Cliff, Colo.. 

description of 452 

Kirk ham vein, Nevada City, Cal., work on. 217 

Knickerbocker Hill, Colorado, rocks of 375 

Knight, F.C., chemical analysis by 435 

L. 

Lafayette and Comet vein, Grass Valley. 

Cal., description of 256 

Lake beds of Silver Cliff, Colo., description 

of 337-338 

Lake Michigan, Chicago outlet of 711-712 

Lamarque vein, Grass Valley, Cal., descrip- 
tion of 238 

Lamellar phosphate of Tennessee, occur- 
rence and character of 540-541 

Langford, S. Dak., artesian well at 620 

Lawson, A. C, acknowledgments to 110 

Leavenworth mine, Hosita Hills, Colorado, 

description of 428 

Lecompton vein, Nevada Coimty. Cal., de- 
scription of 187-188 

Lesquereux, L., California Xewene flora 

examined by IIO 

Letcher, S. Dak., artesian wells at and 

near 633. 634 

Levant claim, Nevada County, Cal., vein of. 187 

Leverett. Frank, paper on water resources 

of Illinois by 695-849 

Limburgite of Colorado, occurrence and 

character of 312-313 

Limonite of Nevada City and Grass Valley 

districts, California, occurrence of 119 

Lindgren, Waldemar, paper on gold-quarts 
veins of Nevada City and Grass Val- 
ley districts, California, by 1-262 

Little Deer Creek basin, Nevada County. 

Cal., description of 191-199 

Loew, O.. chemical analyses by 588-590 

Lone Jack mine. Grass Valley, Cal., work 

at 241-242 

Lookout Mountain, Colorado, rocks of 374-375 

Lower Magnesian limestone under Rock 

Island, 111., and vicinity, account of.. 839 

Lucina occiden talis, figure of (PI. LXVI) . . 572 

M. 

Mackinaw River, Illinois, description of 714 

Macoupin Creek, Illinois, description of 715 

Magmas of Rosita volcano, Colorado, se- 
quence and diflerentiation of 326-331 

Magnesite of gold-quartz veins of Nevada 
City and Grass Valley, Cal., occur- 
rence of 115 

Magnetite of Nevada City and Grass Valley 

districts. California, occurrence of . . . 120 
Mallet Lixiviation Works, Rosita, Colo., 

description and liiMtory of 416 

Mandan, N. Dak., artesian well at 662. 665 

Manganese ore of Nevada City and Grass 
Valley districts. California, occurrence 
of.... 120 
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ITerada City and OraM Valley diatrieta, 

California, igneona bed rocks of 86-78 

sedimentary beil rocka of 71M0 

Calayeraa formation in 84-85 

metamorphism in 90-06 

Superjacent formations of 97-101, 262 

geological history of lOS^lll 

oresof 112-144 

rock changea due to fissure and vein 

formation in 145-157 

vein structure and pay ahoots in 158-163 

fiaaure systems in 164-171,259 

temperature in mines of 170-171 

genesis of veins of 172-184, 261-262 

detailed description of 185-257 

summary of geology of 258-262 

pay shoots of 261 

Ifevada County vein, Nevada City, Cal., de- 
scription of 206 

Never Sweat vein, Nevada County, Cal., de- 
scription of 188-189 

vertical section along 189 

Nevada County. Cal., gold production of 26-27 

Newark, S. Dak., artesian well at 619-620 

analysis of artesian water from well at. 677 

Newell, F. H., acknowlMlgments to 601 

New and Kanawha rivers. West Virginia, 

paper on geologic section along 473-511 

New Rocky Bar vein, (trass Valley, Cal., 

description of 237 

New York Hill. Grass Valley, Cal.. descrip- 
tions of veins near 236-241 

Niagara limestone under Rock Island, 111., 

and vicinity, account of 834 

Niobrara group eastern Colorado, forma- 
tions and fossils of 566-567 

Norambagna vein, Grass Valley, Cal., de- 
scription of 246-247 

figure showing vertical section along . . 246 
Normandie veins. Nevada County, Cal., de- 
scription of 257 

North Banner veins, Nevada County, Cal., 

description of 198-190 

North Dakota, artesian waters of. 603-617, 661-665 

artesian wells in 661-665 

section acrosH 663 

North Star mine. Grass Valley, Cal., diabase 

and porphyrite area of 70-72 

Calaveras formatiim near 88 

veins of 164 

description of veins near 236-241 

North Star vein. Grass Valley. Cal., descrip- 
tion of 238-240 

Northviile. S. Dak., artesian well at 621 

analysis of artesian water from well at. 677 

O. 

Oakes. N. Dak ., artesian well at 661 

Odin drift mine, Nevada County, Cal., sec- 
tion at 101 

Okaw River, Illinois, description of 717 

Omaha mine. Grass Valley. Cal., work at . 241-243 

section at 243 

Omaha system of veins. Grass Valley. Cal., 

description of 241-246 
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tion of 188-189 
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of 82»-3ai 
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and Grass Valley, Cal., occurrence of. 114 
Ophir Hill vein, Graaa Valley, Cal., descrip- 
tion of 252-253 

Ore-bearing fissures of Rosita mines, Colo- 
rado, description of 422-428 

Ore minerals of quartz- veins of Nevada City 
and Grass Valley districts, California, 

deacription of 115-119 

Ores of Nevada City and Grass Valley dis- 
tricts, California, character and occur- 
rence of 112-144 

gold of 124 

value of 127-128 

stractnre of 128-144 

Orleans mine, Grass Valley. Cal.. quartz- 

porphyrite dikes of 74-75 

description of 254 

Orleans vein, Nevada City, Cal.. description 

of 201 

I Orient, S. Dak., artesian well at 624 

Oro Fine claim. Nevada City, Cal.. map and 

description of 219 

diorite pyroxene area of 49 

Osbom Hill, Grass Valley. Csl., diabase, 

porphyrite, and breccia area of 73 

Osbom Hill vein, Grass Valley. Cal., de- 
scription of 255-256 

Osceola vein, Nevada County, Cal , de- 
acription of 256-257 

, Ostrea congests, figures of (PI. LXI) 566 

I Ottawa, Ill.,reconl of well boring at 708-799 

P. 

I 

V. &0. mine. Colorado, description of rocks 

of 365-366 

Palatine, 111., flowing wells near 781 

Paleozoic rocks of Illinois, account of 788- 

800.829-849 

Paris Hill, Colorado, rot^ks of 376-377 

: Parkston. S. Dak., artesian wells at and 

near 649. 6S0 

' artesian wells at 672.676 

j Potsdam rocks under Rock Island, 111., 

and vicinity, account of 839-840 

Pay shoots of Nevada City and Graaa Valley 

districts. California, description of.. 159- 

163,261 
Peabody vein, Grass Valley, Cal., deacrip- 
tion of 234-235 

Pennsylvania Hill, Colorado, geology of 349 

Pennsylvania mine, Nevada City, Cal., de- 
acription of 207 

Pennsylvania Reduction Works, Rosita, 

Colo., description and history of 416-417 

' Pennsylvania vein, Grass Valley, Cal., de- 
scription of 248-249 

I figure showing course of 248 
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Peridotite of Rosita Hills, Colorado, de- 
scription of 283 

analyses of 284 

Perrin vein, Grass Valley, Cal., description 

of 247 

Perry County, Tenn.. phosphate deposits, 

description of 531-533 

Phoenix-Mary Ann vein, Grass Valley. Cal., 

work on 245 

Phosphates of Tenneseee, i>aper by C. W. 

Hayes on 51 3-549 

classification of 519-520 

general relations of 520-523 

black 523-53e 

white 536-549 

Pierre group, eastern Colorado, beds and 

fossils of 567-569 

Pierre, S. Dak., artesian well at 629 

analysis of artesian water from well at. 677 
Pioneer mine, Rosita Hills, Colorado, de- 
scription of 428 

Pltchstoue of Silver Cliff and Rosita Hills, 

Colorado, decomposition product of. 819-320 

analysis of 320, 454 

description of area of 400-402 

occurrence and character of 396 

Pittsburg mine, Nevada County, Cal., dia- 
base and porphyrite of 61-63 

Pittsburg vein, Nevada City, Cal., descrip- 
tion of 202-205 

figures showing vertical sections at. . 202, 204 
''^lacenticeras placenta, figures of (PI. 

LXIII) 668 

Placer mining near Nevada City, Cal., his- 
tory of 18-19 

Plankinton, S. Dak., artesian wells at 643 

artesian well at 671 

Plate Verde mill. Silver Cliff, Colo., descrip- 
tion and history of 418 

Pleasant Flat, Nevada County. Cal., descrip- 
tion of diorite area of 49-50 

uralite-diabase dikes of 64-65 

Plfist(x;cne deposits of Silver Cliff and 

Rosita Hills, Colorado, description of. 322- 

323, 392-393 

Plymouth Hill, Colorado, geology of 344-345 

Pocahontas Hill, Colorado, rocks of 351-355 

Pocahontas mine, Rosita Hills, Colorado, 

description of 423-424, 425 

Ponca, Nebr., artesian well at 672, 676 

Porphyrite of Banner Hill area, Nevada 

County, Cal., analysis of 59 

character of 60-61 

Porphyrite and diabase group of rocks of 
Nevada City and Grass Valley dis- 
tricts, California, description of 5ft- 75 

Potosi vein, Nevada City, Cal., description 

of..... 205 

PreciouH-metal production of Custer County, 

Colo., table showing 420 

Princeton conglomerate, West Virginia, 

description of 489-490 

Pringle audesite. Colorado, occurrence and 

charnrt^r of 303-305. 380-382 

Priogle Hill, Colorado, rocks of 379^-383 
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LVIII) 564 
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veins of 165 

description of 209-210. 213-214 

Psilomelane, analysis of 451 
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and Grass Valley districts, California, 
occurrence of 119 
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Pyrite of quartz veins of Nevada City and 
Grass Valley districts, California, 
occurrence of 117 

Pyrolusite of Nevada City and Grass Val- 
ley districts, California, occurrenceof . 120 

Pyrrhotite in augite, figure showing C7 
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vada Comity, Cal., description of 87 

Pyrrhotite of quartz veins of Nevada City 
and Graas Valley districts, California, 
occurrence of 118 
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Qaart£ of veins of Nevada City and Grass 

Valley, Cal., character of 114 

analyses of 131 

figures of thin sections of 132-144 

Quartzalunite rocks, Rosita Hills, Colo- 
rado, description of 314-319 

analyses of 315. 316 

Quartz-diaspore rock, analysis of 317 
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Valley districts, California, history of . 19-23 
Quartz-porphyrite dikes of Orleans mine. 

Grass Valley, Cal., description of 74-75 

Quartz-porphyrite, analyses of 75 

Querida, Colorado, trachyte area of 360-362 

Quinnimont-Fire Oeek coal, West Virginia, 

description of 491-493 
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Rae, E. C, cited 783,734 

Rainfall of Illinois, detailed accouut of. . 718-729 
Raleigh sandstone, West Virginia, descrip* 

tion of 493-494 

Rattlesnake Hill, Colorado, dike at 386-387 

rocks in vicinity of 387-390 
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Redfield, S. Dak., artesian well at 622 

analysis of artesian water from well at. 677 
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scription of 416-419 
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tion of 207 

Rhyolite of Silver Cliff and Rosita Hills, 
Colorado, occurrence and character 

of 296-303, 

348-350, 358, 383-384.388-391. 394. 399-400, 402 
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Rich Hill vein, Grass Valley, Cal., descrip- 
tion of 252-253 

RiverM and creeks of eastern Colorado, un- 
derflow of 598-601 
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character and history of 418 
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Rock Island, 111., and vicinity, account of 

Paleozoic rockrt at 829-849 
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Devonian limestone under 832-833 

Niagara limestone under 834 

Hudson Kiver shale under 834-835 

Galena limestone under 835-836 
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St. Peter sandstone under 837-838 

Potsdam rocks under 839-840 
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under 841 
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examination of well drillings from. . . 842-849 
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Rogers. W.B.,cited 487 

RoHcoe, S. Dak., artesian well at 619 
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Rose Hill vein. Grass Valley, Cal., descrip- 
tion of 236 

Rosita andesite, Colorado, occurrence and 
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RasHick volcanic ne<'k of 343 

detailwl description of 344-391 
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re<laction plants of 416-419 

production of 419-420 

form of ore bodies of 467-469 

source of metallic^ minerals of 470-472 

Rosita mines. Colorado, history and descrip- 
tion of 421-429 

Rosita Reduction Works, Colorado, charac- 
ter and history of 416 

Rosita volcano, C<ilorado, sequence and dif- 
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of 489-490 

Kun-off of Illinois, account of 730-743 
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scription of 271-272 
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tion of 254 
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